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Background: A number of recent advances in our understanding of thyroid physiology may shed light on why 
some patients feel unwell while taking levothyroxine monotherapy. The purpose of this task force was to review 
the goals of levothyroxine therapy, the optimal prescription of conventional levothyroxine therapy, the sources 
of dissatisfaction with levothyroxine therapy, the evidence on treatment alternatives, and the relevant knowl¬ 
edge gaps. We wished to determine whether there are sufficient new data generated by well-designed studies to 
provide reason to pursue such therapies and change the current standard of care. This document is intended to 
inform clinical decision-making on thyroid hormone replacement therapy; it is not a replacement for indi¬ 
vidualized clinical judgment. 

Methods: Task force members identified 24 questions relevant to the treatment of hypothyroidism. The clinical 
literature relating to each question was then reviewed. Clinical reviews were supplemented, when relevant, with 
related mechanistic and bench research literature reviews, performed by our team of translational scientists. 
Ethics reviews were provided, when relevant, by a bioethicist. The responses to questions were formatted, when 
possible, in the form of a formal clinical recommendation statement. When responses were not suitable for a 
formal clinical recommendation, a summary response statement without a formal clinical recommendation was 
developed. For clinical recommendations, the supporting evidence was appraised, and the strength of each 
clinical recommendation was assessed, using the Am erican College of Physicians system. The final document 
was organized so that each topic is introduced with a question, followed by a formal clinical recommendation. 
Stakeholder input was received at a national meeting, with some subsequent refinement of the clinical questions 
addressed in the document. Consensus was achieved for all recommendations by the task force. 

Results: We reviewed the following therapeutic categories: (i) levothyroxine therapy, (ii) non-levothyroxine- 
based thyroid hormone therapies, and (iii) use of thyroid hormone analogs. The second category included 
thyroid extracts, synthetic combination therapy, triiodothyronine therapy, and compounded thyroid hormones. 
Conclusions: We concluded that levothyroxine should remain the standard of care for treating hypothyroidism. 
We found no consistently strong evidence for the superiority of alternative preparations (e.g., levothyroxine- 
liothyronine combination therapy, or thyroid extract therapy, or others) over monotherapy with levothyroxine, in 
improving health outcomes. Some examples of future research needs include the development of superior bio¬ 
markers of euthyroidism to supplement thyrotropin measurements, mechanistic research on serum triiodothyronine 
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levels (including effects of age and disease status, relationship with tissue concentrations, as well as potential 
therapeutic targeting), and long-term outcome clinical trials testing combination therapy or thyroid extracts (in¬ 
cluding subgroup effects). Additional research is also needed to develop thyroid hormone analogs with a favorable 
benefit to risk profile. 


INTRODUCTION 

Background, Objectives, and Rationale 

L evothyroxine (LT 4 ) has been considered the stan¬ 
dard of care for treatment of hypothyroidism for many 
years. This treatment is efficacious when administered orally, 
has a long serum half-life that permits daily administration, 
and results in resolution of the signs and symptoms of hypo¬ 
thyroidism in the majority of patients. However, a small pro¬ 
portion of patients being treated for hypothyroidism feel that 
LT 4 therapy is not efficacious in restoring optimum health. 

Several recent advances in our understanding of thyroid 
physiology may shed light on why some patients feel unwell 
while taking LT 4 monotherapy. For example, much has been 
learned about the sources and regulation of triiodothyronine 
(T 3 ) in the plasma and within specific tissues, as well as about 
the regulation of thyrotropin (TSH). In addition, new data have 
emerged on dissatisfaction with LT 4 therapy being associated 
with genetic variation in deiodinases, and fatigue and depres¬ 
sion in treated hypothyroid patients being linked with genetic 
variations in thyroid hormone transporters. The mandate of this 
task force was to review the goals of LT 4 therapy, examine 
sources of dissatisfaction with LT 4 therapy, examine the evi¬ 
dence concerning treatment alternatives, discuss gaps in our 
current knowledge of these therapies, and determine whether 
new data provide reason to pursue such therapies. 

In this document the latest data regarding combination 
therapy, liothyronine (LT 3 ) monotherapy, compounded thy¬ 
roid hormones, and nutraceuticals are presented. As a sec¬ 
ondary objective, we also review the literature on thyroid 
hormone analogs. Pharmacology and regulatory aspects of 
the therapies that we reviewed are discussed. The potential 
for genetic variations to influence the ability to optimize 
thyroid hormone therapy is explored. The challenges of ti¬ 
trating thyroid hormone therapy in specific groups such as the 
pediatric, pregnant, and elderly populations are considered. 
However, the topic of subclinical hypothyroidism (SCH) is 
not addressed, other than in the pediatric population, because 
of prior extensive reviews of this topic in adults (1-4). 
Thyroid hormone therapy in patients with thyroid cancer is 
only mentioned if it is germane to the topic being discussed. 
Our goal is to promote discussion to improve our understand¬ 
ing of these issues, provide recommendations where possible, 
and to identify areas where further research is needed. 

A recent comprehensive document, the “Clinical Practice 
Guidelines for Hypothyroidism in Adults Co-sponsored 
by the American Association of Clinical Endocrinologists 
(AACE) and the American Thyroid Association (ATA),” 
covers broader aspects of the management of hypothyroidism 
(3). In addition, two recent consensus documents published 
by the ATA and the Endocrine Society address the man¬ 
agement of hypothyroidism during pregnancy (1,2). While 
this document was in preparation, guidelines from the Eu¬ 
ropean Thyroid Association (ETA) specifically addressing 


the issue of combined treatment with LT 4 and LT 3 were 
published (5). We acknowledge these guidelines, and our 
document was prepared with a goal of minimizing redun¬ 
dancy. We intended that the features that would distinguish 
this document from these guidelines would be (i) attention to 
the basic science and translational underpinning for the var¬ 
ious thyroid hormone therapies, (ii) extensive consideration 
of ethical issues, (iii) focus on treatment itself, as opposed to 
other aspects of diagnosis and management, and most im¬ 
portantly (iv) focus on evaluation of treatment alternatives. 
We also wished to explore promising preclinical data for 
potential future therapies. For each topic, we evaluated the 
scientific validity of the studies cited. 

The target audience for these guidelines includes clinicians 
providing care to patients with hypothyroidism. We outline 
what we believe is rational and optimal medical practice based 
on our evaluation of the evidence at the time of publication. 
However, areas of uncertainty and difference of opinion 
among experts remain, and it is not the intent of these guide¬ 
lines to replace clinical judgment or individual decision¬ 
making. Rather, these recommendations are intended to in¬ 
form the clinical decision-making process. 

Approach Utilized in Conducting This Review 

Our task force was commissioned and approved by officers 
of the ATA. We formed in the summer of 2011 and our 
composition included members with particular expertise in 
mechanistic and translational science (four members), 
members with particular expertise in clinical thyroidology 
(six members), a member with a background in pediatric 
endocrinology, a member with expertise in design and eval¬ 
uation of health research, and a bioethicist. As of October 
2011, we were redirected and specifically asked to develop 
clinical practice guidelines. Our task force met face to face in 
October 2011, June 2012, September 2012, June 2013, Oc¬ 
tober 2013, and June 2014 with seven interim discussions 
using conference calls. A spring meeting of the ATA that was 
open to all potential stakeholders (e.g., health care providers, 
patients, public) was held on April 25 and 26, 2013, to 
highlight and promote broad discussion regarding relevant 
and topical issues (6). Information needs identified by 
stakeholders at this meeting were incorporated in task force 
group decisions in considering topics for review. 

Task force members identified 24 questions relevant to the 
treatment of hypothyroidism, which were divided among the 
members. The clinical literature relating to each question was 
then reviewed by a primary reviewer, who summarized the 
findings, and compiled a response to the question in the form of 
a recommendation. The summary of the literature and response 
to each question were next revised by a secondary reviewer. 
Clinical reviews were supplemented, when relevant, with re¬ 
lated mechanistic and bench research literature reviews, per¬ 
formed by a translational scientist and reviewed by a panel 
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subgroup of basic scientists. These sections served as the 
mechanistic background for the clinical reviews. Task force 
members also reviewed published guidelines from other groups 
(and related cross-references) when available. For some topics, 
such as compounding of thyroid hormones, nutraceuticals, and 
Wilson’s syndrome, when sparse published medical literature 
was available, we consulted the Internet using Google search. 
Ethics reviews were provided, when relevant, by a bioethicist, 
with a second review by one or more task force members with 
clinical expertise. 

The development of each recommendation was as follows: 
the first reviewer developed the recommendation, reached 
consensus with the second reviewer, then presented to the 
group for input, with revisions until the entire group reached 
consensus. Opportunity for revision existed at all steps of the 
review process. Formal consensus was obtained among group 
members for all recommendations. There was also agreement 
regarding the interpretation of areas of uncertainty discussed 
in the text, except in two instances in which the differences in 
interpretation are noted. Each recommendation along with the 
associated literature review was assembled into a document. 
The responses to questions were formatted, when possible, in 
the form of a formal clinical recommendation statement. 
However, given the broad nature of questions posed by the task 
force and the broad nature of reviewed literature (including 
basic science and ethics literature), not all responses were 
amenable to a formal clinical recommendation, and in such 
circumstances, a summary response statement without a for¬ 
mal clinical recommendation was developed. For clinical 
recommendations, the supporting evidence was appraised, and 
the strength of the clinical recommendations was described, 
using the American College of Physicians (ACP) system (7). 
The quality of basic science and ethics articles was not ap¬ 
praised, due to lack of availability of appropriate grading sys¬ 
tems for this purpose. The final document is organized so that 
each topic is introduced with a question, which is followed by a 
formal clinical recommendation, and completed with a litera¬ 
ture review. When a formal clinical recommendation was not 
feasible because of sparse evidence, or because the question did 
not lend itself to a recommendation, an ungraded summary 
statement without a formal recommendation is provided. 

In searching for relevant citations for review, task force 
members conducted electronic database searches of PubMed, 
using relevant search terms. Databases searches were gen¬ 
erally updated at least once. A language restriction was not 
imposed on studies considered for review. Only published 
studies were eligible for inclusion for review for the pur¬ 
pose of formulating clinical recommendations. Electronic 
searches were supplemented with hand searches, including 
cross-referencing of included articles and reviews, as well as 
articles suggested by other task force members. For the 
clinical topic reviews, the authors preferentially selected ar¬ 
ticles of the highest methodologic quality for inclusion (e.g., 
randomized controlled trials and meta-analyses/systematic 
reviews of randomized controlled trials), but when these were 
not available, articles with lower quality of evidence were 
reviewed. Greater credence was afforded to such articles 
when the findings were consistent or congruent. 

Clinical recommendations were graded according to the 
ACP grading system for evidence and recommendations (7) 
(see Table 1). Using this system as a foundation, the strength of 
each clinical recommendation was reported according to the 


Table 1. The American College of Physicians’ 
Guideline Grading System 


Strength of recommendation 



Benefits clearly 
outweigh risks and 

Benefits finely 


burden or risks 

balanced with 

Quality of 

and burden clearly 

risks and 

evidence 

outweigh benefits 

burden 

High 

Strong 

Weak 

Moderate 

Strong 

Weak 

Low 

Strong 

Weak 


Insufficient evidence to determine net benefits or risks 


Reprinted, with permission, from The Development of Clinical 
Practice Guidelines and Guidance Statements of the American 
College of Physicians. Ann Intern Med 2010;153:194-199. 

following categories: Strong, Weak, or No Recommendation 
due to Insufficient Evidence. The quality of evidence upon 
which the recommendation was based was graded as strong, 
moderate, low, or insufficient. The interpretation of this grading 
system is explained in detail in Table 2, which is a reproduction 
of Table 2 from the original article (7). It should be noted that in 
this grading system strong recommendations can be made 
based on low-quality evidence if it is nevertheless assessed that 
benefits clearly outweigh the risks and burden. Such strong 
recommendations may change when higher-quality evidence 
becomes available. 

Our final guidelines document was approved by the board 
of directors of the AT A, underwent a 1-month period of open 
comment by the ATA membership, and was peer-reviewed 
by reviewers for the journal Thyroid. Revisions were made in 
response to each of these reviews. As with other ATA- 
sponsored guidelines, we anticipate that this document will 
be revised and updated on a 5-year cycle. 

Management of Potential Competing Interests 

Special attention was paid to potential conflicts of interest. 
Possible conflicts of interest of potential task force members 
were reviewed by the officers of the ATA. No confirmed task 
force member was considered to have a serious conflict that 
precluded inclusion on the task force. As per ATA policy, 
potential competing interests of task force members were re¬ 
corded at baseline and updated on a yearly basis. The com¬ 
peting interests of members of this task force were shared with 
the entire group and are fisted separately. The task force 
members volunteered their time and expertise and did not re¬ 
ceive funds from the ATA. No funds were received from 
commercial sources for the development of this document. 
Task force members did not receive any funding or gifts for 
their participation and paid for their own travel expenses and 
registration related to face-to-face meetings. Task force mem¬ 
bers were encouraged to share any questions or concerns about 
potential competing interests (or the appearance of any com¬ 
peting interests) with the co-chairs of the task force, and, where 
appropriate, any such questions or concerns were formally re¬ 
viewed by the ATA Ethics committee. As per ATA policy, the 
results of any reviews by the Ethics Committee were shared 
with the entire group, with an opportunity to voice any addi¬ 
tional potential questions or concerns relating to the review. 






Grade of Benefit Versus Risks Methodological Quality 

Recommendation and Burdens of Supporting Evidence Interpretation Impli 
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Number 


Question 


Page 


Levothyroxine Therapy and Endpoints During Therapy 

la Is levothyroxine monotherapy considered to be the standard of care for hypothyroidism? 1676 

lb What are the clinical and biochemical goals for levothyroxine replacement in primary 1677 

hypothyroidism? 

lc Are clinical parameters such as cold sensitivity and dry skin useful by themselves for 1678 

assessing adequacy of levothyroxine replacement in primary hypothyroidism? 

Id Are tissue markers of thyroid hormone action helpful in determining the adequacy of 1679 

levothyroxine replacement in primary hypothyroidism? 

Choice of Levothyroxine Product 

2a Is there a clinical rationale for prescribing brand-name levothyroxine preparations in 1679 

preference to generic levothyroxine? 

2b Are there situations in which therapy with levothyroxine dissolved in glycerin and supplied 1681 

in gelatin capsules may have advantages over standard levothyroxine? 

Levothyroxine Absorption and Metabolism 

3a How should levothyroxine administration be timed with respect to meals and beverages 

in order to maintain maximum, consistent absorption? 

3b Are there medications and supplements that should not be co-administered with levothyroxine 

in order to avoid impaired absorption? 

3c Are there gastrointestinal conditions that should be considered when a patient’s levothyroxine 

dose is much higher than expected? 

3d Are different levothyroxine products associated with different absorption, such that a switch 

to a different brand name or generic is associated with a significantly 
different serum thyrotropin? 

3e What medications may alter a patient’s levothyroxine requirement by affecting either 

metabolism or binding to transport proteins? 

Levothyroxine Dosage 


4a What factors determine the levothyroxine dose required by a hypothyroid patient for reaching 1686 

the appropriate serum thyrotropin goal? 

4b What is the best approach to initiating and adjusting levothyroxine therapy? 1687 

4c What are the potential deleterious effects of excessive levothyroxine? 1688 

4d What are the potential deleterious effects of inadequate levothyroxine? 1688 

Levothyroxine and Other Nonhypothyroid Medical Conditions 
5a What is the appropriate management of perceived allergy to the constituents of levothyroxine 1689 

or intolerance to levothyroxine? 

5b How do co-existent medical conditions (e.g., atherosclerotic coronary artery disease) affect 1689 

the management of levothyroxine replacement therapy? 

5c How do coexistent psychosocial, behavioral, and mental health conditions (such as addiction, 1689 


somatization disorder, and depression) affect the management of levothyroxine therapy? 

Levothyroxine Therapy in . nidations 

6a How should levothyroxine therapy be managed in the elderly with hypothyroidism? 

6b How should levothyroxine therapy be managed in pregnant women with hypothyroidism? 

6c How should levothyroxine therapy be managed in infants and children with overt 

hypothyroidism? 

6d How should levothyroxine therapy be managed in children with subclinical hypothyroidism? 

6e How should levothyroxine therapy be managed in individuals who have elevated thyrotropin 

values due to nonadherence? 

Levothyroxine and Serum Triiodothyronine Concentrations 

7a Are variations in serum triiodothyronine concentrations within the reference range of 1694 

physiologic or clinical significance? In addition, are mildly low serum triiodothyronine 
concentrations of clinical significance? 

7b Does levothyroxine therapy that returns the serum thyrotropin levels of hypothyroid patients 1695 

to the reference range also result in normalization of their serum triiodothyronine levels? 

7c Is there evidence of discordance between the thyroid hormone status of different tissues and 1696 

the serum thyrotropin concentration? 

7d Should levothyroxine therapy for hypothyroidism, particularly in specific subgroups such as 1697 

those with obesity, depression, dyslipidemia, or who are athyreotic, be targeted to achieve 
high-normal serum triiodothyronine levels or low-normal serum thyrotropin levels? 


1690 

1691 
1691 

1691 

1693 


1681 

1682 

1683 

1684 

1685 
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SECTION I. LEVOTHYROXINE THERAPY (Continued) 


Number 


Question 


Page 


Levothyroxine Therapy in Secondary Hypothyroidism 

8a What biochemical goals should be employed for levothyroxine replacement in patients with 1698 

secondary hypothyroidism? 

8b Are clinical parameters useful for assessing adequacy of levothyroxine replacement 1699 

in patients with secondary hypothyroidism? 

8c Are tissue markers of thyroid hormone action helpful for management of levothyroxine 1699 

replacement in patients with secondary hypothyroidism? 

Patient Satisfaction with Levothyroxine Therapy 

9a What tools may be useful in the clinical or research setting, to measure the impact of 1700 

levothyroxine replacement for primary hypothyroidism on patients’ physical or psychological 
well-being, treatment satisfaction, or treatment preferences? 

9b What approach should be taken in patients treated for hypothyroidism who have normal 1700 

serum thyrotropin values but still have unresolved symptoms? 

Use of Levothyroxine in Euthyroid Individuals 

10a Is there a role for the use of levothyroxine to treat biochemically euthyroid patients with 1701 

symptoms that overlap with those of hypothyroidism? 

10b Is there a role for the use of levothyroxine to treat euthyroid patients with depression? 1702 

10c Is there a role for the use of levothyroxine to treat euthyroid patients with obesity? 1702 

lOd Is there a role for the use of levothyroxine to treat euthyroid patients with urticaria? 1703 

lOe What is the recommended approach to treating factitious thyrotoxicosis? 1703 

Clinical Ethics Considerations in Levothyroxine Treatment 

11 What are the ethical obligations of clinicians in treating hypothyroidism? 1703 

SECTION H. THERAPIES OTHER THAN LEVOTHYROXINE ALONE 



Thyroid Extracts 


12 

In adults requiring thyroid hormone replacement treatment for primary hypothyroidism, 
is treatment with thyroid extracts superior to treatment with levothyroxine alone? 

Synthetic Combination Therapy and the Rationale for Its Use 

1704 

13a 

Do genetic variants in thyroid hormone pathway genes (deiodinases or thyroid hormone 
transporters) affect the serum or tissue levels of thyroid hormones in healthy euthyroid 
individuals or hypothyroid patients taking replacement therapy? 

^1706 

13b 

In adults requiring thyroid hormone replacement treatment for primary hypothyroidism, is 
combination treatment including levothyroxine and liothyronine superior to the use of 
levothyroxine alone? 

1707 

13c 

In adults requiring thyroid hormone replacement treatment for primary hypothyroidism who 
feel unwell while taking levothyroxine, is combination treatment including levothyroxine 
and liothyronine superior to the use of levothyroxine alone? 

1707 

13d 

Should genetic characterization according to type 2 deiodinase gene polymorphism status be 
used to guide the use of combination synthetic levothyroxine and liothyronine therapy in 
hypothyroidism, in order to optimize biochemical and clinical outcomes? 

1712 


Liothyronine Monotherapy for Hypothyroidism 


14 Are there data regarding therapy with triiodothyronine alone, either as standard liothyronine 17i3 

or as sustained release triiodothyronine, that support the use of triiodothyronine therapy 

alone for the treatment of hy pothyroidism? _ 

Liothyronine Monotherapy in Euthyroid Patients 

15a Is there a role for the use of liothyronine to treat biochemically euthyroid patients with depression? 1714 

15b Is there a role for the use of liothyronine to treat biochemically euthyroid patients with obesity? 1 715 

Compounded Thyroid Hormones 

16 What is the recommendation regarding therapy with compounded thyroid hormones (either 1715 

levothyroxine or liothyronine) for treatment of hypothyroidism based on current evidence? 

Nutraceuticals 

17 Is there a role for the use of dietary supplementation, nutraceuticals, and over-the-counter products 1716 

in either hypothyroid or euthyroid individuals?_ 

Ethical Considerations in Hypothyroidism Research 

18 What are the research ethics issues involved in evaluating or designing clinical trials for the treatment 1718 

of hy pothyroidism? _ 

Wilson’s Syndrome 

19 Is there evidence for the existence of “Wilson’s temperature syndrome” and a rationale for use of 1719 

escalating doses of triiodothyronine? 

(continued) 
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SECTION in. HOSPITALIZED PATIENTS 


Number 


Question 


Page 


Levothyroxine in Hospitalized Patients 

20a In hospitalized but not critically ill patients with known pre-existing hypothyroidism, should 1720 

levothyroxine therapy be re-evaluated based on an elevated serum thyrotropin measurement? 

20b In hospitalized but not critically ill patients in whom levothyroxine replacement is instituted or 1720 

increased, should the therapeutic goal be normalization of serum thyrotropin? 

20c In hospitalized but not critically ill patients treated with levothyroxine replacement what 1720 

formulation and route of administration are recommended? 

20d In hospitalized but not critically ill patients about to be treated with levothyroxine should the 1720 

possibility of adrenal insufficiency be excluded? 

Myxedema Coma 

21a In patients with myxedema coma being treated with levothyroxine, what route of administration 1721 

should be used? 

21b In patients with myxedema coma being treated with levothyroxine, should empiric glucocorticoid 1721 

coverage be provided? 

21c In patients with myxedema coma being treated with levothyroxine, should liothyronine therapy 1721 

also be initiated? 

21d In patients with myxedema coma being treated with levothyroxine, what therapeutic endpoints 1721 

should be targeted? 

Low Triiodothyronine Concentrations in Hospitalized Patients 

22a In hospitalized adult patients exhibiting the “nonthyroidal illness syndrome,” should thyroid 1722 

hormone replacement be instituted with levothyroxine? 

22b In hospitalized adult patients exhibiting the “nonthyroidal illness syndrome,” should thyroid 1722 

hormone replacement be instituted with liothyronine? 

22c In hospitalized adult patients with cardiac dysfunction, such as advanced heart failure, and low 1724 

serum triiodothyronine concentrations, should thyroid hormone replacement be instituted 
with liothyronine? 

SECTION IV. USE OF THYROID HORMONE ANALOGS 


Thyroid Hormone Analogs and Euthyroid Patients 

23 Should thyroid hormone analog therapy be used in euthyroid individuals with non-hypothyroid- 1725 

related medical conditions (such as dyslipidemia) based on current evidence ? 

Thyroid Hormone Analogs and Thyroid Hormone Resistance 

24a What are the clinical and biochemical goals for treatment of patients who have genetic 1726 

syndromes of resistance to thyroid hormone? 

24b What is the role of thyroid hormone analogs in treating patients who have genetic syndromes 1726 

of resistance to thyroid hormone? 


SECTION I. LEVOTHYROXINE THERAPY 
Levothyroxine Therapy and Endpoints 
During Therapy 

la. Is levothyroxine monotherapy considered to be 
the standard of care for hypothyroidism? 

■ RECOMMENDATION 

Levothyroxine is recommended as the preparation of choice 
for the treatment of hypothyroidism due to its efficacy in 
resolving the symptoms of hypothyroidism, long-term ex¬ 
perience of its benefits, favorable side effect profile, ease of 
administration, good intestinal absorption, long serum half- 
life, and low cost. 

Strong recommendation. Moderate quality evidence. 
Mechanistic background 

Thyroid hormone action is an important determinant of devel¬ 
opment and growth, and in adults plays a critical role in the 
regulation of the function and metabolism of virtually every 
organ system (8,9). Tissue-specific modulation of the thyroid 
hormone action is achieved by a complex and redundant control 


system that includes thyroid hormone secretion, plasma trans¬ 
port, transmembrane transport, activation/inactivation, and in¬ 
teraction with nuclear receptor isoforms and their co-regulators. 

Hypothyroid patients are deficient in endogenously pro¬ 
duced thyroid hormone. The rationale for the therapeutic use 
ofLT 4 in the treatment of hypothyroidism lies in the peripheral 
conversion of the exogenously administered pro-hormone 
thyroxine (T 4 ) into its active metabolite T 3 (10). This activating 
conversion is accomplished by two enzymes, the type 1 (D1) 
and type 2 (D2) deiodinases. A third deiodinase, type 3 deio- 
dinase (D3) participates in the clearance of both serum T 4 and 
T 3 (11). Understanding the impact of the deiodinases on thy¬ 
roid hormone action requires knowledge of their kinetics, 
tissue distribution, subcellular localization, and regulation 
(see Table 3). Currently, no clinical assays measure the 
deiodinase activities directly, thus their contributions to thy¬ 
roid hormone homeostasis in humans have been established in 
the research setting in which thyroid hormone levels, kinetic 
studies with radioactive iodothyronines, mathematical mod¬ 
eling, and tissue biopsies can be utilized. 

Dl is expressed predominantly in liver and kidney, with 
lesser expression in the thyroid (12). Dl has a dual role, both 
producing a small amount of circulating T 3 (Dl is estimated to 
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contribute approximately 24% of circulating T 3 in healthy 
individuals) and also preserving iodide by removing iodine 
from inactive metabolites ofT 3 and T 4 in the liver and kidney 
(conjugated iodothyronines) (13). Of note, the D1 gene is up- 
regulated by T 3 , and thus in hyperthyroidism the proportion of 
circulating T 3 arising from the D1 pathway is significantly 
increased (11). Propylthiouracil (PTU) inhibits Dl, explain¬ 
ing some of its therapeutic benefit in this setting (14). 

D2 activity in humans has been detected in various tissues, 
predominantly in the central nervous system, pituitary gland, 
thyroid, heart, brown adipose tissue, and skeletal muscle (15- 
17). The role ofD2 is to convert T 4 to T 3 ; approximately 60% 
of circulating T 3 is estimated to originate from the D2 pathway 
in healthy individuals (18—20). Expressed in the endoplasmic 
reticulum (21,22), D2 generated T 3 first accumulates in the 
cell long enough to contribute to the nuclear T 3 pool (23); thus, 
changes in D2 activity can cause intracrine tissue-specific 
changes in thyroid signaling. Intracrine refers to the conver¬ 
sion of T 4 into T 3 within the cell resulting in a cell-specific 
modulation of the hormonal signaling. Subsequently, D2- 
generated T 3 exits the cells, thus contributing to thyroid sig¬ 
naling in surrounding tissues (paracrine effects) and to the 
plasma pool ofT 3 affecting thyroid signaling in other tissues. 
Dl on the other hand resides in the plasma membrane and 
does not seem to alter the intracellular T 3 concentration. 

In healthy adults, D3 expression is found predominantly in 
the brain and skin (24,25). In contrast to Dl and D2, D3 is an 
inactivating deiodinase, catalyzing the conversion ofT 3 to T 2 
(3',5'-T 2 ), andT 4 to reverse T 3 (rT 3 :3,3',5'-T 3 ). Thus, the role 
of D3 is to clear T 3 . Like D2, D3 is thought to have tissue- 
specific effects, preventing circulating T 3 from entering the 
nucleus. In disease states, and particularly in hypoxic states, 
D3 expression can be found ectopically in a wide range of 
tissues (26); the resultant increase in T 3 clearance promotes 
both tissue-specific and systemic lowering ofT 3 and has been 
implicated in the pathogenesis of the “nonthyroidal illness 
syndrome” (27). Whether this is true tissue hypothyroidism 
or adaptation to illness is unclear (28,29). 

Thyroid hormone was long thought to cross the plasma 
membrane via simple diffusion, but recent studies have identified 
a number of thyroid hormone transporters including members of 
the monocarboxylate transporter family (MCT) and the organic 
anion transporting polypeptides (OATP), which are important 
for maintaining the intracellular concentrations of thyroid hor¬ 
mones (30). Thus, the particular circulating levels of thyroid 
hormones achieved during monotherapy, with higher serum T 4 
and lower serum T j levels than the naturally euthyroid state (see 
section 7b), are available to the thyroid hormone transporters, 
which are then responsible for modulating intracellular levels of 
T 3 . MCT and OATP transporters are expressed in liver, kidney, 
brain, and heart, with MCT8 and OATP1C1 being most im¬ 
portant in the brain. Mutations identified in the thyroid hormone 
transporters constitute a clinically relevant group of mutations 
in the thyroid hormone signaling pathway (see section 13a). 


Discussion of the clinical literature 
Until the 1970s, the mainstay of thyroid hormone replace¬ 
ment therapy was desiccated thyroid extracts. Three factors 
were likely responsible for LT 4 becoming the predominant 
therapy in the latter half of the 20th century: first, the isolation 
of T 4 in 1927 by Kendall (31); second, the synthesis of T 4 (32) 


and its better-absorbed sodium salt by Chalmers et al. (33); and 
third, the demonstration that the biologically active T 3 was 
generated from T 4 in humans (10). 

Approximately 85 pg of T 4 is secreted by the thyroid gland 
daily. Of the total daily T 3 production of about 33 pg in 
normal man, approximately 80% (about 26 pg) arises from 
peripheral conversion from T 4 , and only about 20% (ap¬ 
proximately 6.5 pg) derives from direct thyroidal secretion 
(34). It is now well established that while T 4 is the major 
secretory product of the thyroid gland, thyroid hormone ac¬ 
tion in peripheral tissues is due to the effects of T 3 binding to 
its nuclear receptor, defining T 4 as a pro-hormone for T 3 . 

Gastrointestinal absorption of the tablet formulation of LT 4 is 
in the 70%-80% range in healthy fasting adults (35). The long 
(approximately 7 day) half-life allows once-a-day dosing, and 
stable serum levels of both T 4 and T 3 (36). With such therapy, 
there will be a transient peak in serum T 4 and free (F)T 4 levels of 
about 15% magnitude about 4 hours after LT 4 administration 
(37). Moreover, in athyreotic individuals treated with LT 4 to 
achieve a normal serum TSH, the serum FT 4 is usually higher 
and the serum T 3 is either normal (38,39) or lower than the values 
seen in normal individuals (39-43). Steady-state levels of T 4 and 
TSH are generally achieved in 6 weeks (approximately five to six 
half-lives) after initiation of therapy (38). Although there are no 
randomized clinical trials comparing LT 4 to placebo to treat 
hypothyroidism, it has clearly been demonstrated that LT 4 or 
LT 3 withdrawal leads to a recurrence of hypothyroidism in pa¬ 
tients who have undergone thyroid surgery for thyroid cancer or 
who were diagnosed with profound hypothyroidism (44-46). 

1b. What are the clinical and biochemical goals 
for levothyroxine replacement in primary 
hypothyroidism ? 

■ RECOMMENDATION 

Levothyroxine replacement therapy has three main goals. 
These are (i) to provide resolution of the patients’ symptoms 
and hypothyroid signs, including biological and physiologic 
markers of hypothyroidism, (ii) to achieve normalization of 
serum thyrotropin with improvement in thyroid hormone 
concentrations, and (iii) to avoid overtreatment (iatrogenic 
thyrotoxicosis), especially in the elderly. 

Strong recommendation. Moderate quality evidence. 

Discussion of the clinical literature 
The goals of LT 4 replacement in primary hypothyroidism are 
to achieve a state of euthyroidism and normalization of the cir¬ 
culating levels of TSH and thyroid hormones (47,48). A state of 
euthyroidism is defined as the normalization of indices of thyroid 
hormone action and the absence or the regression of symptoms 
and clinical signs associated with hypothyroidism. The lack of 
specificity of hypothyroid symptoms and signs (49) and, partic¬ 
ularly in case of autoimmune thyroid disease (AITD), the slow 
development of the pathologic state, renders difficult the as¬ 
sessment of the adequacy of the replacement therapy on a purely 
clinical basis. A randomized controlled trial (RCT) demonstrated 
that patients are unable to detect differences in the symptoms 
associated with hypothyroidism when the LT 4 dose is changed 
by approximately 20%. Of note, the change in dosage was suf¬ 
ficient to modify cholesterol levels (50). Similarly, patients may 
have no alteration in their hypothyroid symptom profile with 
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Table 3. Main Properties and Roles of Iodothyronine Deiodinases Found in Human Tissues 



D1 

D2 

D3 

Position of iodine 
in substrate molecule 

5' or 5 

5' 

5 

Preferred substrate 

rT 3 >T 4 

T 4 >rT 3 

t 3 >t 4 

Predominant tissue 
localization 

Liver, kidney, thyroid 

Pituitary gland, CNS, BAT, 
skin, heart 

CNS, skin, placenta, 
tumors 

Subcellular localization 

Plasma membrane 

Endoplasmic reticulum 

Plasma membrane, 
nuclear membrane 

Hypothyroidism 

1 

t 

1 

Hyperthyroidism 

T 

1 

t 

Km (T 4 ) 

2/iM 

2nM 

37 nM 

Selective activator 

none 

cAMP 

Hypoxia/HIF-1 

Selective inhibitor 

PTU 

none 

none 

Main role in thyroid 

Contributes to approximately 

Contributes to approximately 

Main contributor 

hormone economy 

20% of extrathyroidal 

80% of extrathyroidal 

to the clearance of 

and signaling 

T 3 production in athyreotic 

individuals; neutral 

for intracellular T 3 levels 

T 3 production in athyreotic 
individuals; increases 
intracellular T 3 levels 

T 3 ; decreases intracellular 
T 3 levels 


BAT, brown adipose tissue; CNS, central nervous system; Km, substrate concentration at which the reaction rate is half maximum 
velocity; HIF-1, hypoxia-inducible factor 1; rT 3 , reverse triiodothyronine; T 3 , triiodothyronine; T 4 , thyroxine. 


changes in the LT 4 dose that affect TSH and resting energy 
expenditure (51). TSH is the most reliable marker of adequacy of 
replacement treatment, and a value within the reference range 
(0.4-4.0mIU/L) should be considered the therapeutic target. 

Although no RCTs are currently available, a recent meta¬ 
analysis showed that significantly increased risk of cardiovas¬ 
cular mortality and morbidity was primarily observed in indi¬ 
viduals with TSH levels > lOmIU/L, with potential effects of 
TSH values >7mIU/L (52). In an additional retrospective 
study, fewer ischemic heart disease events were associated 
with treatment of SCH in those under age 70 years (53). Thus, 
based on expectation of cardiovascular and other benefits, a 
target TSH in the age-specific reference range is generally re¬ 
commended (see section 6a for a discussion of age-specific 
reference ranges). However, randomized trials are certainly 
needed before firm conclusions can be drawn. For example, it is 
certainly plausible that patients with worse cardiovascular 
disease might be less likely to be treated for subclinical hypo¬ 
thyroidism (for fear of exacerbating the cardiovascular disease) 
and have a worse overall clinical outcome. A target TSH in the 
lower fertile of the laboratory reference range, encompassing 
the median distribution of the values in the normal population 
(54), has also been proposed (55) and may in general be rea¬ 
sonable. However, this is not a universally endorsed approach 
(56). Moreover, a randomized cross-over study of 8 weeks’ 
duration did not show changes in well-being or quality of life 
with TSH titration within the normal and subnormal range (50). 

In some cases, LT 4 alone may fail to restore the T 3 levels to a 
value within the reference range in patients who have undergone 
total thyroidectomy and thus are devoid of residual endogenous 
production of thyroid hormone (39,41,42). In euthyroid patients 
undergoing thyroidectomy and not requiring suppressive ther¬ 
apy, if T 3 levels are chosen as one of the therapeutic targets, it is 
reasonable to titrate the therapy to achieve circulating levels of 
T 3 similar to the presurgery values while maintaining the TSH 
value within the range of normality. Levels of FT 4 above the 
reference range are often observed during replacement therapy 
with LT 4 (39); no evidence yet exists indicating that this con¬ 
dition is associated with adverse events or poor outcome. 


1c. Are clinical parameters such as cold 
sensitivity and dry skin useful by themselves 
for assessing adequacy of levothyroxine 
replacement in primary hypothyroidism? 

■ RECOMMENDATION 

Although it may be helpful to follow changes in clinical 
symptoms longitudinally in patients treated for hypothy¬ 
roidism, symptoms alone lack sensitivity and specificity 
and therefore are not recommended for judging adequacy 
of replacement in the absence of biochemical assessment. 
Therefore, symptoms should be followed but considered in 
the context of serum thyrotropin values, relevant co¬ 
morbidities, and other potential causes. 

Weak recommendation. Low-quality evidence. 

Discussion of the clinical literature 
The signs and symptoms associated with hypothyroidism are 
well known and include, but are not limited to, dry skin, cold 
intolerance, constipation, slowed thinking, weight gain, coarse 
skin, puffiness, slowed heart rate, and delayed relaxation of 
ankle reflexes. The symptoms often have an insidious onset and 
overlap significantly between patients with thyroid disease and 
those without. Many signs and symptoms of thyroid dysfunc¬ 
tion are neither sensitive nor specific (57). For example, signs 
and symptoms associated with hypothyroidism such as dry 
skin, fatigue, and constipation may not reveal themselves with 
modest degrees of hypothyroidism and could have other cau¬ 
ses. Several studies report a correlation between signs and 
symptoms of hypothyroidism and biochemical disease either 
based on an increasing cumulative number of symptoms (57) or 
on an abnormal clinical score (58). Unfortunately, while sev¬ 
eral signs or symptoms show relatively high specificity, such as 
puffiness and slowed movements, the sensitivity is relatively 
low. Physiological, psychological, and biochemical biomarkers 
of thyroid status, in addition to thyroid hormone levels, are 
available. Physiological parameters include heart rate, pulse 
wave arrival time (59,60), echocardiographic parameters of left 
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ventricular function, Achilles reflex time (58), voice funda¬ 
mental frequency, and basal metabolic rate (61-63). To illus¬ 
trate the lack of specificity, basal metabolic rate, although 
profoundly affected by extreme hypothyroidism, is also af¬ 
fected by other conditions such as fever, malignancy, and nu¬ 
tritional status (64,65). Pulse wave arrival time can also be 
affected by atherosclerosis and systemic sclerosis. Achilles 
reflex time seems to have a reasonable sensitivity of 77% and a 
good specificity of 93% to confirm or exclude hypothyroidism 
(58), but it is limited by the fact that a small percentage of 
euthyroid individuals have an abnormal reflex time. Other 
clinical indices used to assess thyroid function include psy¬ 
chiatric and neuropsychological measures. Various rating 
scales have been used to assess the degree of hypothyroidism 
(57,58,66-68). However, such clinical scores may not be suf¬ 
ficiently sensitive to signal subtle changes in thyroid status (69). 

In summary, there are clearly signs and symptoms that are 
manifestations of untreated hypothyroidism, as documented 
in cross-sectional analyses. Resolution of symptoms can be 
documented even with treatment of mild hypothyroidism 
(70), but few studies document longitudinal monitoring of 
both symptoms and biochemical parameters within individ¬ 
ual treated patients. Symptoms, therefore, are probably best 
followed within a framework of biochemical parameters, 
particularly serum TSH. Future research could follow symp¬ 
toms longitudinally in treated patients in order to examine 
specificity and reliability of such symptoms in reflecting thy¬ 
roid status. Another potential area for additional research is 
whether it is helpful to modify the LT 4 dose because of re¬ 
sidual signs and symptoms in a patient with a normal TSH, as 
long as the TSH remains within the goal reference range. 

Id. Are tissue markers of thyroid hormone 
action helpful in determining the adequacy 
of levothyroxine replacement in primary 
hypothyroidism ? 

■ RECOMMENDATION 

Tissue biomarkers of thyroid hormone action are not re¬ 
commended for routine clinical use, outside of the research 

setting, since these parameters are not sensitive, specific, 

readily available, or standardized. 

Weak recommendation. Low-quality evidence. 
Mechanistic background 

Thyroid hormone action affects a wide range of biological 
pathways, and virtually all organ systems have a measurable 
response to the administration of replacement or supraphy- 
siologic doses ofLT 4 (8,9). Measurement of thyroid hormone- 
responsive gene expression is a means of assessing the impact 
of thyroid hormone on various tissues. The impact of the thy¬ 
roidal secretion in a specific tissue depends on the amount of T 3 
bound to the thyroid hormone receptor (TR) over time, with 
increasing amounts ofT 3 establishing a greater thyroid hor¬ 
mone transcriptional “footprint” in any given tissue. This is 
because T 3 binding to TR modulates the expression of specific 
sets of T 3 -responsive genes, constituting the basis of most bio¬ 
logical effects of thyroid hormone. Multiple cell types, including 
hepatocytes, cardiac myocytes, skeletal myocytes, kidney cells, 
lung endothelial cells, and brain cells express genes that are 
exquisitely sensitive to regulation by thyroid hormone. This 


regulation may be positive or negative, depending on the par¬ 
ticular gene and tissue. Thyroid hormone effects on rodent and 
cell models (71), in particular the rat hepatocyte (72) and 
cardiac myocyte (73), have been extensively studied. Mea¬ 
surement of gene expression in these tissues is not routinely 
used for clinical assessment of thyroid hormone status because 
it would require invasive procedures such as tissue biopsy, as 
was accomplished in a study of human skeletal muscle (74). 

Discussion of the clinical literature 
End-organ markers of response to thyroid hormone include 
sex hormone binding globulin (SHBG), osteocalcin, urinary n- 
telopeptides, total cholesterol, low-density lipoprotein (LDL) 
cholesterol, lipoprotein(a), creatine kinase, ferritin, myoglo¬ 
bin, and enzymes such as tissue plasminogen activator, an¬ 
giotensin converting enzyme (ACE), and glucose 6-phosphate 
dehydrogenase (61,75-81). The results of RCTs have indicated 
that cholesterol (50,82-86), and SHBG levels (50) are partic¬ 
ularly affected by the administration of LT 4 . Similarly, RCTs 
have demonstrated that LT 4 replacement therapy affects 
myocardial function (87) and particularly diastolic function 
(88-92), and, over time, the brachial artery intimal thickness 
(89,93). Of note, the changes observed in these tissue markers 
of thyroid hormone action are often within the range of vari¬ 
ance of the normal population, so these tests may be considered 
as an additional tool to allow a further optimization of the 
replacement therapy, once the TSH is already within target 
range. While resting energy metabolism and accurate milli¬ 
second timing of the Achilles’ tendon relaxation phase have 
been historically used to assess the adequacy of replacement 
therapy, these methods are neither readily available nor well 
standardized. However, one study did suggest that resting en¬ 
ergy expenditure was specifically altered by changes in LT 4 
dose, correlated well with TSH, and was more sensitive to dose 
alterations than either lipid profile, SHBG concentrations, or 
ACE levels (51). 

Choice of Levothyroxine Product 
2a. Is there a clinical rationale for prescribing 
brand-name levothyroxine preparations 
in preference to generic levothyroxine? 

■ RECOMMENDATION 

Prescription of brand name levothyroxine, or alternatively 
maintenance of the same generic preparation (i.e., mainte¬ 
nance of an identifiable formulation of levothyroxine), is ad¬ 
vised. Switches between levothyroxine products could 
potentially result in variations in the administered dose and 
should generally be avoided for that reason (see also recom¬ 
mendation 3d). 

Weak recommendation. Low-quality evidence (for 
general populations) 

Strong recommendation. Low-quality evidence (frail 
patients, high-risk thyroid cancer patients, pregnant 
patients) 

Strong recommendation. Moderate-quality evidence 
(early childhood hypothyroidism) 

Discussion of the clinical literature 

A number of different brand name products and generic 
products are currently available. This literature review 
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excluded studies on LT 4 products available only outside of the 
United States. There is a long history of regulatory and clinical 
discussion regarding LT 4 products (94,95). The Food and Drug 
Administration (FDA) defines an LT 4 formulation as equiva¬ 
lent if the 90% confidence interval of the difference of the 
pharmacokinetically derived areas under the curve (AUC) and 
difference of maximum concentrations (Cmax) of serum T 4 
fall within 80%-125% of a reference product when a com¬ 
parable dose is administered to healthy volunteers. In this 
analysis, the LT 4 dose is only tested at a single oral dose of 
600 fig, and these results are extrapolated for all available dose 
strengths. There has been active discussion and controversy 
regarding this definition. This definition is problematic in that 
it does not require assessment of serum TSH, the commonly 
accepted marker of peripheral thyroid hormone action. More¬ 
over, the dose of LT 4 administered (i.e., 600 fig) is pharmaco¬ 
logic, and it cannot be assumed that similar kinetics apply to 
lower, more physiologic doses. Correction for the endogenous 
thyroid hormone serum levels seen in euthyroid individuals has 
only been recommended by the FDA since 2003 (96). The 
ATA, The Endocrine Society, and AACE issued a combined 
statement in 2004 expressing their concerns about the FDA’s 
definition and its application to establishing bioequivalence of 
LT 4 preparations (97). 

Blakesley et al. (98), in a study funded by Abbott La¬ 
boratories, studied the FDA-recommended pharmacokinetic 
process of comparing LT 4 products. Even when correction 
was made for endogenous serum T 4 levels in healthy indi¬ 
viduals, enabling the detection of differences in the admin¬ 
istered dose of 25% and 33%, they could not distinguish acute 
LT 4 doses that differed by 12.5%, leaving open the precise 
sensitivity of this method to exclude clinically meaningful 
differences in bioavailability between products considered 
equivalent. 

It would seem more appropriate to determine bioequiva¬ 
lence of different LT 4 preparations by assessing for compa¬ 
rable serum T 4 , T 3 , and TSH levels after daily administration 
of the individual preparation for at least 4-6 weeks in 
athyreotic individuals. There are several studies of historical 
interest that have used a similar clinical protocol. Escalante 
et al. (99) studied two well-known, popular brands of LT 4 
(one of which has been reformulated twice since this evalu¬ 
ation) and found them to be both bioequivalent and thera¬ 
peutically equivalent. Dong et al. (100), in a study sponsored 
by Knoll Pharmaceuticals, studied the pharmacokinetics 
profiles of two proprietary LT 4 products (one of which has 
been reformulated since this evaluation) and two generic LT 4 
products (neither of which is currently available) and also 
concluded that they were bioequivalent and therapeutically 
equivalent. In contrast, Mayor et al. (101) of Knoll pharma¬ 
ceuticals reanalyzed the data by Dong et al. (100) using 
correction for baseline T 4 levels and the TSH data obtained 
during the trial, and found that the LT 4 products that seemed 
to be pharmacokinetically bioequivalent were, in fact, not 
equivalent therapeutically. No prospective studies assessing 
this question have focused on bioequivalence as well as 
clinically therapeutic effectiveness in currently available 
products. However, there is likely an important difference 
between bioequivalence, which indicates meeting the FDA 
regulation, and clinical equivalence, which indicates com¬ 
parability of FT 4 , T 3 , and TSH concentrations, as well as 
clinical parameters. Simulation studies also support the use of 


TSH-based protocols forjudging bioequivalence, rather than 
using pharmacokinetic studies (102). 

Since 2007 the FDA has required that LT 4 preparations 
maintain 95%-105% of their stated potency, revised from a 
prior requirement of 90%-110%, throughout their shelf life 
(103,104). Furthermore, the FDA has required that all LT 4 
products be reassessed as though they were new drugs (105). 
When a generic or branded LT 4 preparation meets the criteria 
noted above for bioequivalence and potency, the FDA has 
determined that LT 4 preparations can be substituted for one 
another by the pharmacy, unless specifically designated to be 
dispensed as written by the prescriber. In their joint state¬ 
ment, referred to previously, the three different endocrine 
societies recommend repeat thyroid function testing when a 
patient is switched from one LT 4 preparation to another to 
ensure the goal TSH (and FT 4 and T 3 ) concentrations are 
achieved (97). Although, not based on specific studies of the 
utility of this approach, this would appear to be a clinically 
appropriate, “common sense” recommendation. It is re¬ 
commended that once the therapeutic target is reached, the 
patient should remain on the same dose and preparation of 
medication to the extent possible. 

In light of this discussion, the clinical question remains “Is 
there a clinical rationale for prescribing brand-name LT 4 
preparations in preference to generic LT 4 ?” This issue would 
not arise if a patient could be maintained on an identifiable 
formulation of LT 4 (whether brand or generic). In other words, 
if a patient could be prescribed the same generic formulation 
from refill to refill, there would be no reason to be concerned 
about distinction between branded and generic products. 
However, if prescribing a generic product exposes the patient 
to the vagaries of the pharmacy and insurance system that 
permits switches between generic products, then a potential 
concern remains. Any recommendation is inherently based, at 
least to some extent, on expert opinion. It seems reasonable for 
a patient to remain on a given LT 4 product as long as possible, 
and if a change in product is made then thyroid function tests 
should be rechecked. In patients with thyroid cancer, espe¬ 
cially when a desired goal TSH is relevant for curtailing 
possible disease recurrence or progression, it is important to 
maintain LT 4 product stability. A recent retrospective study of 
children treated for congenital hypothyroidism (CH) exclu¬ 
sively with either brand-name or generic LT 4 noted no dif¬ 
ference in clinical outcomes (106). However, a prospective, 
randomized trial, also conducted in the pediatric population 
being treated for hypothyroidism, showed that similar doses of 
a branded product and a generic considered by the FDA to be 
interchangeable did not result in comparable TSH values 
(107). In this study, 30 children with primary hypothyroidism 
(20 with CH; 11 with autoimmune thyroiditis) and an initial 
TSH greater than 100 mlU/L were studied. Following 8 weeks 
of brand name LT 4 , the serum TSH was statistically signifi¬ 
cantly lower {p = 0.002) as compared to 8 weeks of generic 
LT 4 . This difference was still observed following adjustment 
for age. Thyroid hormone levels were not statistically differ¬ 
ent. In further analysis, the TSH difference was restricted to the 
patients with CH. The authors concluded that branded LT 4 was 
not bioequivalent to an AB-rated generic LT 4 preparation. The 
authors stated “It would therefore seem prudent not to sub¬ 
stitute LT 4 formulations in patients with severe CH, particu¬ 
larly in those < 3 years of age. Our results may have important 
implications for other severely hypothyroid patients in whom 
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precise titration of LT 4 is necessary.” In general, aspects of the 
study design, including its prospective nature, give credence to 
the results of the latter study (108). 

The recommendation for maintaining a particular identifi¬ 
able formulation of LT 4 is not based on an anticipated inherent 
superiority of one particular LT 4 product, but is instead based 
on the concern that even products judged to be bioequivalent 
do not have therapeutic equivalence, and that switching of 
products could lead to perturbations in serum TSH. This is a 
particular concern in frail patients, those with thyroid cancer, 
and the pediatric age group. This issue of bioequivalence is 
controversial and requires further study. Clinical trials should 
include comparisons of branded LT 4 products not only to 
various generic formulations, but should also compare brand 
LT 4 and generic formulations to themselves over time. 

2b. Are there situations in which therapy with 
levothyroxine dissolved in glycerin and supplied 
in gelatin capsules may have advantages over 
standard levothyroxine? 

■ RECOMMENDATION 

Although there are preliminary small studies suggesting 
that levothyroxine dissolved in glycerin and supplied in 
gelatin capsules may be better absorbed than standard le¬ 
vothyroxine in selected circumstances such as concomi¬ 
tant use of proton pump inhibitors or concomitant coffee 
consumption, the present lack of controlled long-term 
outcome studies does not support a recommendation for 
the use of such preparations in these circumstances. Switch 
to a gel capsule might be considered in the rare case of 
putative allergies to excipients. 

Weak recommendation. Low-quality evidence. 

Discussion of the clinical literature 

An oral gel preparation that contains only LT 4 , glycerin, 
gelatin, and water has been developed. The gelatin capsule 
contains LT 4 as a liquid (109). This formulation is in contrast 
to standard solid LT 4 tablets that contain excipients and dyes. 
Pabla et al. (110) studied in vitro dissolution of gel capsules 
and noted rapid and efficient dissolution at low pH concen¬ 
trations. Colucci et al. (Ill) observed that gel capsules met 
the revised FDA potency guidelines of 95%-105% (103,104) 
and also met equivalence criteria. At present, there are no 
prospective, randomized clinical trials in hypothyroid indi¬ 
viduals comparing gel capsules to other commercial LT 4 
preparations in terms of the serum FT 4 , T 3 , and TSH con¬ 
centrations achieved during chronic therapy. 

There is some evidence that gel capsules are absorbed 
preferentially in selected circumstances, such as during con¬ 
sumption with coffee and during use of proton pump inhibitors 
(PPIs). However, four of the studies that have examined this 
issue are published only in abstract form, and therefore this 
discussion and recommendation is based on three peer- 
reviewed publications only. Use of gel capsules, instead of 
standard LT 4 , allowed suppression of serum TSH during 
chronic therapy in patients with thyroid disease that could not 
be achieved by ingestion of standard LT 4 with Italian style 
coffee (112). An uncontrolled retrospective study noted lower 
serum TSH concentrations in patients who were switched from 
LT 4 tablets to the same dose of LT 4 as a soft gel capsule (113). 


A case report describes a patient taking a PPI whose serum 
TSH was higher during treatment with LT 4 tablets than with 
the same dose given as a gel capsule. An absorption study 
showed better absorption of the LT 4 from the gel capsule 
(114). Although no specific definitive recommendation can be 
made with regard to the use of gel capsules in patients with 
hypothyroidism because of the lack of peer-reviewed publi¬ 
cations, preliminary evidence from retrospective studies sug¬ 
gests that it may have a more favorable absorption profile 
compared with standard LT 4 tablets. An alternative approach 
to switching to a soft gel capsule, in situations of suspected 
poor absorption, is to increase the dose of the LT 4 tablet with 
periodic monitoring of thyroid function tests. 

A liquid formulation of LT 4 that is packaged in polyethyl¬ 
ene ampoules, and that is not available within the United 
States, has been suggested, based on case reports or uncon¬ 
trolled studies only, to be better absorbed than tablets if there is 
malabsorption following bariatric surgery or if LT 4 is con¬ 
sumed with breakfast (115,116). When the liquid LT 4 prepa¬ 
ration contained in these ampoules is added to breakfast 
beverages the T 4 content is stable for at least 20 minutes (117). 

There is the theoretical possibility that gel capsules or 
liquid LT 4 would be useful in patients with allergies to any of 
the excipients in solid LT 4 tablets. 

Levothyroxine Absorption and Metabolism 

3a. How should levothyroxine administration 
be timed with respect to meals and beverages 
in order to maintain maximum, consistent 
absorption? 

■ RECOMMENDATION 

Because co-administration of food and levothyroxine is 
likely to impair levothyroxine absorption, we recommend 
that, if possible, levothyroxine be consistently taken either 
60 minutes before breakfast or at bedtime (3 or more hours 
after the evening meal) for optimal, consistent absorption. 

Weak recommendation. Moderate quality of evidence. 

Discussion of the clinical literature 

Food, dietary fiber, and beverages. Absorption of LT 4 
occurs in the jejunum and ileum (118). An acidic pH in the 
stomach, as occurs during fasting conditions, appears to be 
important for subsequent intestinal absorption. The absorp¬ 
tion of an orally administered dose of LT 4 is about 70%-80% 
under optimum fasting conditions (38,119,120). Therefore, if 
a patient is unable to take oral medications, the appropriate 
intravenous dose is approximately 75% of the oral dose. 

Seven studies regarding co-administration with foods and 
beverages in adults were identified based on literature review 
(120-126). It should be noted that only one of these is a ran¬ 
domized study (125), thus limiting the ability to draw firm 
conclusions from the data. When LT 4 is co-administered with 
food, absorption is reduced compared with absorption in the 
fasting state. In one study using double isotope methods in 
healthy volunteers, which is limited by the participants not 
serving as their own controls, the documented LT 4 absorption 
with food was determined to be 64% compared with 80% in 
the fasting state (120). In another case report, four patients who 
had failure to suppress their TSH values while consuming their 
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breakfast within 20 minutes of their LT 4 ingestion underwent 
absorption testing (121). The ingestion of food and LT 4 in 
close proximity to each other was associated with an LT 4 
absorption curve that was characterized by delayed absorption. 
After a 1-month period of delaying breakfast by 60 minutes, 
the patients were seen to achieve suppression of their TSH 
values, suggesting correction of the impaired absorption, al¬ 
though absorption testing was not repeated to confirm this. 

Case reports also show that fiber (123) and soy products 
(124) appear to be associated with impaired LT 4 absorption. 
However, fiber did not appear to affect absorption in a study 
of LT 4 in healthy volunteers (127). A summary of several 
case studies of increased TSH values in hypothyroid pa¬ 
tients ingesting their LT 4 with espresso coffee has been 
reported (122). Absorption studies performed in these pa¬ 
tients and in volunteers support the role of coffee in re¬ 
ducing LT 4 absorption. Compared with water, coffee 
reduced both the maximum concentration (Cmax) and the 
AUC documented during these absorption studies. In vitro 
binding studies performed by the same investigators (122) 
suggested, as has been previously reported with fiber (123), 
that espresso coffee acts to sequester LT 4 , and so it may 
have this action within the intestine. Grapefruit juice, which 
increases the plasma concentrations of several drugs that are 
substrates for CYP3A4 and possibly inhibits intestinal up¬ 
take transporters, was not found to substantially affect LT 4 
absorption in a randomized cross-over study of 10 healthy 
subjects (125). 

Timing of levothyroxine administration. Four studies 
(121,126,128,129), out of the six studies examining this issue 
(121,128-131), have shown that the timing of LT 4 adminis¬ 
tration influences the serum TSH values of hypothyroid pa¬ 
tients receiving treatment. Three of these had a cross-over 
design and thus are the most rigorous studies. The previously 
mentioned case study from 1995 examined four patients in 
whom TSH suppression therapy was difficult to achieve 
while they were eating breakfast 15-20 minutes after LT 4 
ingestion (121). Consuming breakfast within 20 minutes after 
taking LT 4 resulted in a higher TSH, compared with when 
these same patients had breakfast 60 minutes after taking 
their LT 4 , suggesting impaired absorption with a separation 
of less than 60 minutes. In contrast, a retrospective study of 
elderly nursing home residents showed that serum TSH val¬ 
ues were unaffected when the timing of LT 4 administration 
was changed from 9 am (1-2 hours after breakfast) compared 
with midnight (3 hours after a snack) (130). Presumably, both 
these conditions qualified as postprandial. Another parallel 
design study, in which patients newly diagnosed with hypo¬ 
thyroidism were prescribed LT 4 either 30 minutes before 
breakfast or in the evening, showed that at 12 weeks the 
achieved TSH was 5.13mIU/L (standard deviation 9.36) 
with morning dosing versus 3.27 mlU/L (standard deviation 
4.19mIU/L) with evening dosing (131). These two results 
were not statistically different. However, the study utilized 
two separate groups of patients who were hypothyroid, with 
serum TSH values of approximately 80 mlU/L at the start of 
the study, and thus not at steady state. 

Two recent cross-over studies had different findings with 
the lowest serum TSH values being seen either 1 hour before 
breakfast or at bedtime (128,129). In one of these studies, 
patients took their LT 4 either at least 1 hour before break¬ 


fast, with breakfast, or at bedtime for 8 weeks. The mean 
TSH values seen with these different conditions were 1.06, 
2.93, and 2.19 mlU/L respectively (128). In the other study, 
which incorporated a double-blind design, patients took 
either LT 4 or placebo capsules 30 minutes before breakfast 
and at bedtime for 12 weeks of each regimen. TSH values 
were 0.9-1.6 mlU/L higher with the morning compared with 
the bedtime LT 4 ingestion (129). A third cross-over study 
found higher, more variable TSH values when LT 4 was 
consumed with breakfast, compared with when it was taken 
60 minutes before breakfast (126), although TSH values 
remained within the reference range even with the non¬ 
fasting regimen. If the results of these studies are consoli¬ 
dated, with lower TSH values being equated with better 
absorption, the conditions associated with better absorption 
(ordered from best to most impaired) are 60 minutes before 
breakfast, bedtime, 30 minutes before breakfast, and with 
breakfast. The fasting regimen has the additional advantage 
of producing more consistent TSH values compared with 
the bedtime regimen. 

To put the summarized data in context, it is important to 
consider not only when LT 4 absorption is optimal, but also to 
be aware of what timing promotes adherence. For example, 
although a fasting regimen may promote absorption, it may 
have the disadvantage of being maximally inconvenient for 
patients. Thus, a patient’s schedule and preference should be 
taken into account and if consumption of LT 4 1 hour before 
breakfast is not feasible, a bedtime regimen may be the next 
best choice. Another regimen that is consistently maintained, 
such as 30 minutes before breakfast, may also be reasonable. 
For this latter regimen to maintain a stable serum TSH, it 
would probably also be important to consume a breakfast 
with similar daily food choices and avoid foods that are most 
noted for interfering with LT 4 absorption. It is important to 
remember that no long-term studies have examined adher¬ 
ence with the various timing regimens, the consequences of 
variability in serum TSH values, or outcomes with different 
timing of LT 4 ingestion. 

3b. Are there medications and supplements that 
should not be co-administered with levothyroxine 
in order to avoid impaired absorption? 

■ RECOMMENDATION 

We recommend that where feasible, levothyroxine should 
be separated from other potentially interfering medications 
and supplements (e.g., calcium carbonate and ferrous 
sulfate). A 4-hour separation is traditional, but untested. 
Other medications (e.g., aluminum hydroxide and su¬ 
cralfate) may have similar effects, but have been insuffi¬ 
ciently studied. 

Weak recommendation. Weak quality evidence. 

Discussion of the clinical literature 
The literature review revealed 20 relevant articles. Studies 
documenting altered LT 4 absorption in animals were not in¬ 
cluded. The list of medications that can alter the absorption of 
LT 4 is extensive and includes calcium carbonate (132-134), 
PPIs (135), bile acid sequestrants (cholestyramine and cole- 
sevelam) (136,137), phosphate binders (138,139), ferrous 
sulfate (140,141), aluminum-containing antacids (142,143), 
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and sucralfate (144,145). Only two of these medications have 
been studied in a cross-over study design of chronic therapy 
(132,145), with two other studies also conducted prospectively 
(140,143). The effects of calcium carbonate and ferrous sulfate 
were shown in prospective, but nonrandomized, noncontrolled 
trials. The prospective study of aluminum hydroxide was 
performed in only five patients. The study of sucralfate was 
randomized and controlled, but was carried out in only nine 
patients. Moreover, many of these effects have been docu¬ 
mented in individual case reports only. 

Hypothyroid patients with normal TSH concentrations 
were asked to take their LT 4 with calcium carbonate for 
several months. Their serum TSH values increased from a 
mean of 1.6mIU/L to 2.7mIU/L, and returned to 1.4mIU/L 
after discontinuation of the calcium (132). In vitro binding 
studies suggested adsorption of LT 4 to calcium at acidic pH 
levels. A subsequent absorption study showed that both the 
Cmax and AUC were reduced when calcium carbonate and 
LT 4 were co-administered (133). Calcium carbonate, citrate, 
and acetate all appear to have similar effects, with absorption 
studies in healthy volunteers showing a decrement in ab¬ 
sorption of approximately 20% (134). 

In a retrospective analysis, initiation of therapy with a PPI 
was associated with an increase in the serum TSH values of 
LT 4 -treated patients, compared with a control group in whom 
such therapy was not initiated (135). LT 4 absorption was 
unaltered with use of PPIs (146,147) and histamine-2 
blockers (147) for a 1-week period in two other studies in 
healthy volunteers. These conflicting findings may suggest 
that only chronic oral therapy is associated with decreased 
LT 4 absorption. 

Two studies have implicated bile acid sequestrants as 
being responsible for binding LT 4 within the intestine 
(136,137). Both of these reports incorporated pharmacoki¬ 
netic studies in healthy volunteers showing reduced ab¬ 
sorption with co-administration of the agent and LT 4 . The 
effects of the phosphate binder sevelamer has been exam¬ 
ined in both a retrospective study (139) and a pharmacoki¬ 
netic study (138). In the retrospective analysis, patients 
taking this agent needed higher LT 4 doses to normalize their 
serum TSH than patients taking calcium products as phos¬ 
phate binders (139). The pharmacokinetic study showed 
decreased LT 4 absorption when these agents were co¬ 
administered (138). 

The effect of ferrous sulfate has been examined in a trial 
(140) and a case report (141). During the trial, the TSH values 
of 14 hypothyroid patients increased from a mean of 1.6 mlU/L 
to a mean of 5.4mIU/L with simultaneous ingestion of fer¬ 
rous sulfate and LT 4 . A need for increased LT 4 while taking 
ferrous sulfate was observed in the case report (141). Fol¬ 
lowing documentation of increased LT 4 requirement in a 
patient taking an aluminum-containing antacid (142), the 
same investigators showed an increase in TSH levels in five 
patients who were asked to take aluminum hydroxide with 
their LT 4 (143). Studies of sucralfate are consistent with 
impaired absorption (144,145). Both a case report of elevated 
TSH levels and an absorption study in healthy volunteers 
showing decreased and delayed LT 4 absorption are consistent 
with binding of LT 4 by sucralfate (144). A blinded cross-over 
study of nine patients taking LT 4 failed to show a statistically 
significant difference in TSH while patients were taking ei¬ 
ther placebo or sucralfate in addition to their LT 4 , although 


the study may have been underpowered and the mean serum 
TSH values for the placebo and sucralfate groups were 2.69 
and 4.63 mlU/L, respectively (145). 

Although the impact of multivitamins on LT 4 absorption 
does not appear to have been studied, their calcium and fer¬ 
rous salt content would be expected to result in impaired ab¬ 
sorption. Based on this supposition they are included in lists of 
medications potentially impairing LT 4 absorption (3). Effects 
of several additional medications have been documented in 
individual cases reports (148-151). These data regarding the 
effect of medications on LT 4 absorption are summarized in 
Tables 4 and 5. Table 4 summaries pharmacokinetics studies, 
while Table 5 shows the trials and case reports. 

3c. Are there gastrointestinal conditions 
that should be considered when a patient’s 
levothyroxine dose is much higher 
than expected? 

■ RECOMMENDATION 

In patients in whom levothyroxine dose requirements are 
much higher than expected, evaluation for gastrointestinal 
disorders such as Helicobacter pyZon-related gastritis, 
atrophic gastritis, or celiac disease should be considered. 
Furthermore, if such disorders are detected and effectively 
treated, re-evaluation of thyroid function and levothyrox¬ 
ine dosage is recommended. 

Strong recommendation. Moderate quality of evidence. 

Discussion of the clinical literature 
Literature review identified 18 studies addressing this topic. 
Several gastrointestinal disorders appear to affect either LT 4 
absorption or serum TSH levels, possibly mediated through an 
impact on gastric acidity. These effects have been shown in 
retrospective studies, although reduction of LT 4 dosage re¬ 
quirement with treatment of Helicobacter pylori gastritis and 
celiac disease has been documented prospectively. 

In a prospective, nonrandomized study treatment of H. 
pylori was associated with reduction of serum TSH levels 
from 30.5 to 4.2mIU/L in patients who were considered 
nonresponsive to high doses of LT 4 (152). In another study, 
comparison of patients with gastritis, related either to H. 
pylori or atrophic gastritis, with a reference group without 
gastric disorders showed that the daily LT 4 requirement was 
up to 34% higher in those with gastritis (2.05 vs. 1.5 jUg/kg/d) 
(153). Furthermore, eradication of H. pylori infection and 
initiation of omeprazole were associated with decreased and 
increased TSH values, respectively. In addition, in patients 
receiving LT 4 therapy, the magnitude of their LT 4 require¬ 
ment was correlated with the presence or absence of serum 
parietal cell antibodies (154). Higher LT 4 doses were re¬ 
quired in those with positive antibodies, and the LT 4 dose was 
positively associated with the antibody titer and the severity 
of the gastritis. Autoimmune atrophic gastritis is particularly 
prevalent in older patients with Hashimoto’s thyroiditis and 
hypothyroidism. In one study, 45% of patients older than age 
60 with Hashimoto’s thyroiditis also had chronic atrophic 
gastritis (155). 

Celiac disease is also more common in patients with un¬ 
derlying AITD. Two retrospective studies documented 
higher LT 4 requirements in patients with celiac disease, 
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Table 4. Medications Affecting Levothyroxine Absorption, as Shown in Pharmacokinetic Studies 


Medications 

Type of study 

Hypothyroid 
versus healthy 
subjects 

No. of subjects 

Pharmacokinetic 
study showing 
reduced absorption? 

Reference 


Calcium 

carbonate 

Randomized, cross-over 
absorption study 

Healthy 

7 

Yes, maximum absorption 
84% vs. 58 % 

133 

Calcium 
carbonate, 
citrate, acetate 

Four-period absorption 
study with random 
cross-over to calcium 
preparations 

Healthy 

8 

Yes, T 4 response 
area with calcium 
75%-81% 

(100% without) 

134 

PPI (pantoprazole) 

Crossover absorption 
study after 1 week 
of PPI versus no PPI 

Healthy 

20 (10 no 
PPI first; 

10 PPI first) 

No, T 4 AUC unaffected 
by PPI 

146 

PPI (pantoprazole) 
and H2-blocker 
(famotidine) 

Randomized to absorption 
study with drug after 
absorption study without 

Healthy 

20 

No, T 4 peak and T 4 AUC 
unaffected by PPI 
and H2-blocker 

147 

Cholestyramine 

Six absorption studies 
each in five healthy 
participants 

Healthy 

5 

Yes, best absorption 
with 5 h separation 
of drug and LT 4 

136 

Colesevelam 

Nonrandomized, 
cross-over study 
with and without drug 

Healthy 

6 

Yes, response area 3.8% 
with (100% without) 

137 

Selevamer 

Randomized to absorption 
study with drug after 
absorption study without 

Healthy 

7 

|SSs» T 4 response area 50% 
with selevamer 
(100% without) 

138 

Sucralfate 

Absorption study with 
and without drug 

Healthy 

5 

Yes, reduced and delayed 
peak absorption 

144 

Raloxifene 

Absorption study with 
and without drug 

Hypothyroid 

1 

Yes, lower peak T 4 levels 
with raloxifene 

148 

AUC, area under the curve; H2-blocker, acid blocker; LT 4 , levothyroxine; PPI, proton pump inhibitor. 


compared with unaffected hypothyroid patients (156,157). 
Institution of a gluten-free diet reduced the requirement. 
There are also case reports of increased LT 4 requirements in 
individuals with celiac disease (158,159), lactose intolerance 
(160), and intestinal giardiasis (161) with reduction in the 
LT 4 requirement occurring after institution of a gluten-free or 
lactose-restricted diet and treatment of the infection, re¬ 
spectively. Data comparing the magnitude of increased LT 4 
requirement in these different gastrointestinal conditions 
appear to be lacking. However, dramatic increases in serum 
TSH appear to be possible in patients with more than one 
factor contributing to impaired LT 4 absorption, as occurred in 
a patient with both celiac disease and calcium carbonate use 
(162). 

In addition to the gastrointestinal conditions discussed 
above, clinicians should be alert for other conditions that may 
affect LT 4 requirement. Examples of factors that are also 
associated with decreased absorption are advancing age (35) 
and extreme obesity (body mass index [BMI] > 40 kg/m 2 ) 
(163). Although there are case reports of increased LT 4 re¬ 
quirements after intestinal bypass surgery (164-166), when 
studied directly LT 4 absorption appeared to be preserved 
after Roux-en-Y surgery (167) and in 32 patients undergoing 
various other gastric bypass procedures (168). Such reports 
are consistent with the ileum being the main site of LT 4 
absorption. 


3d. Are different levothyroxine products 
associated with different absorption, such 
that a switch to a different brand name 
or generic is associated with a significantly 
different serum TSH? 

■ RECOMMENDATION 

Because use of different levothyroxine products may 
sometimes be associated with altered serum TSH values, a 
change in an identifiable formulation of levothyroxine 
(brand name or generic) should be followed by re-evaluation 
of serum TSH at steady state. 

Weak recommendation. Low-quality evidence. 


Discussion of the clinical literature 
Assuming that their potency is similar and adherence is 
similarly maintained, if different identifiable formulations of 
LT 4 of the same dose result in different serum TSH values 
during chronic therapy, this is likely to be due to different 
absorption. A simulation study in which either LT 4 tablet po¬ 
tency or absorption were varied showed that altered absorption 
could result in achievement of different TSH values (102). 
Substitution of LT 4 preparations potentially having different 
absorption characteristics has, historically, lead to changes in 
serum TSH in some studies (101), but in other studies it has not 
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Table 5. Medications Reducing Levothyroxine Absorption, as Shown in Trials 
and Case Studies in Hypothyroid Patients 


Medications 

Type of study 

No. 

of subjects 

TSH values mlU/L 
(w/o medication, c/w 
with medication) 

Binding study? 

Reference 


Calcium 

carbonate 

Prospective, 
cross-over trial 

20 

1.6 vs. 2.7 

Yes, LT 4 adsorbs 
to calcium 

132 

PPI 

(lansoprazole) 

Retrospective chart 
review of PPI 
initiation 

55 controls, 

37 taking PPI 

Increased by 0.11 
vs. 0.69 

n/a 

135 

Cholestyramine 

Case reports 

2 

Increased while taking 
cholestyramine 

Yes, cholestyramine 
bound to LT 4 

136 

Selevamer 

Retrospective 
chart review 

67 

Mean TSH 20 with 
selevamer 

n/a 

139 

Ferrous sulfate 

Nonrandomized, 
.prospective trial 

14 

TSH 1.6 vs 5.4 

Yes, T 4 formed 
|p|p|qMp|figwitih iron 

140 

Ferrous sulfate 

Case report (patient 
also pregnant 
and post partum) 

1 

TSH 1.3 c/w 29 


141 

AlitMlium- 

Case report 

1 

TSH 1.1 vs. 36 

n/a 

142 

containing 

antacid 






Aluminum- 

containing 

antacid 

Nonrandomized, 
prospective study 

5 

TSH increased 
from 2.6 to 7.2 

Yes, T 4 adsorbed 
to antacid 

143 

Sucralfate 

Case jpefort 

1 

TSH increased from 
normal to 30 

n/a 

144 

Sucralfate 

Placebo-controlled, 

randomized 

9 

TSH 2.7 vs. 4.6 

n/a 

145 

Raloxifene 

Case report 


TSH normal vs. 9.4 

n/a 

HUH 

Orlistat 

Case report 

1 

TSH 0.03 vs. 73 

n/a 

150 

Cation 

exchange 

resin 

Case report 

1 

EHEM m |3# 

Yes, T 4 adsorbed to 
sodium polystyrene 
sulfonate 

151 


n/a, not applicable; TSH, thyrotropin. 


(99,100,169). As these three studies antedated the current FDA 
guidelines for the manufacture of LT 4 products, they illustrate 
the concept of formulation differences, but are not directly 
applicable to the identifiable formulations currently available. 
Anecdotal reports of TSH changes associated with different 
LT 4 products exist (170). Similar anecdotal reports of changes 
in serum TSH when a patient’s LT 4 is changed either from one 
brand name to another, or from a brand name to generic 
product, or from one generic to another have been gathered 
using an independent “Thyroid Pharmacovigilance” website 
(171). A point to be considered when evaluating these reports is 
that serum TSH may also fluctuate while a patient is maintained 
on a particular product, due to variable adherence and other 
factors. As mentioned in the discussion of recommendation 2a, 
a recent prospective, cross-over trial, conducted in the pediatric 
population, showed that similar doses of a branded product and 
a generic considered by the FDA to be interchangeable resulted 
in significantly different TSH values in children being treated 
for CH (107). This study is interesting, but may not be gener- 
alizable to the adult population. 

Taken together, such evidence favors consistent use of the 
same identifiable formulation of LT 4 to avoid altered ab¬ 


sorption potentially resulting in a different serum TSH. As 
mentioned previously, if a patient’s LT 4 product is switched, 
the endocrine societies recommend that the patient undergo 
repeat assessment of their thyroid status once steady state has 
been achieved (97). Altered TSH values associated with 
changes between LT 4 products have only been documented 
with products no longer marketed in the same form, in an¬ 
ecdotal reports, and now, in a randomized study in children. 
Systematic studies of currently available LT 4 products in 
patients over 18 years of age could lead to a stronger con¬ 
clusion regarding the differential impact of their absorption 
on the TSH values achieved during therapy in adults. 

3e. What medications may alter a patient’s 
levothyroxine requirement by affecting either 
metabolism or binding to transport proteins? 

■ RECOMMENDATION 

Initiation or discontinuation of estrogen and androgens 
should be followed by reassessment of serum thyrotropin 
at steady state, since such medications may alter the le¬ 
vothyroxine requirement. Serum thyrotropin should also 
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be reassessed in patients who are started on agents such as 
tyrosine kinase inhibitors that affect thyroxine metabolism 
and thyroxine or triiodothyronine deiodination. Serum 
thyrotropin monitoring is also advisable when medications 
such as phenobarbital, phenytoin, carbamazepine, rifam¬ 
pin, and sertraline are started. 

Strong recommendation. Low-quality evidence. 

Discussion of the clinical literature 
Many medications may necessitate an adjustment in LT 4 
dose by virtue of altering T 4 metabolism or changing the 
concentration of thyroxine-binding globulin (TBG). T 4 and T 3 
are primarily metabolized by deiodination, but are also me¬ 
tabolized by conjugation with glucuronates and sulfates in the 
liver. All studies cited are either case reports or nonrandomized 
prospective studies. 

The major enzymes involved in conjugation are the mixed 
function oxidases and the uridine diphosphate-glucuronosyl- 
transferases. Literature review revealed several relevant stud¬ 
ies conducted in hypothyroid patients. Examples of chugs that 
have either been shown to increase hepatic metabolism of T 4 
and T 3 via then induction of these enzymes, or are presumed or 
hypothesized to have this effect, include phenobarbital, phe¬ 
nytoin, carbamazepine, rifampin, sertraline, and possibly im- 
atinib (172). The effect of phenobarbital to increase T 4 and T 3 
metabolism has been documented in rodents (173) and humans 
(174,175), but effects on thyroid function are more notable in 
rats (172). Often patients or healthy volunteers taking phenyt¬ 
oin remain euthyroid (176,177). A case report describes the 
increased TSH seen in a patient prescribed phenytoin, while she 
maintained her LT 4 dose (178). Other case reports also describe 
the development of hypothyroidism in patients treated with 
LT 4 , who were prescribed phenytoin (179,180). Decreased T 4 
and T 3 concentrations without an alteration in TSH were re¬ 
ported in 13 patients without pre-existing hypothyroidism (176) 
and nine hypothyroid patients (181) after initiation of carba¬ 
mazepine therapy. A similar phenomenon (normal TSH and 
low FT 4 ) has been attributed to a measurement artifact in the 
case of free thyroid hormone concentrations (182). Longer 
therapy with two months of carbamazepine caused a substantial 
increase in TSH in three of five hypothyroid children receiving 
LT 4 (183). Case reports in a single athyreotic patient (184) and 
three patients with Hashimoto’s hypothyroidism (185) docu¬ 
ment a substantially increased TSH and subsequent need for 
increased LT 4 dose with introduction of rifampin. An increase 
in TSH associated with sertraline therapy was reported in 11 
patients (186), although another study did not report such an 
increase (187). All of these studies highlight the need to be alert 
for the possibility of increased LT 4 requirement in patients 
receiving drugs that can affect LT 4 metabolism by conjugation. 

The need for a substantially increased dose of LT 4 has been 
reported in athyreotic patients prescribed tyrosine kinase 
inhibitors such as imatinib (188), motesanib (189), sorafenib 
(190), sunitinib, and vandetanib (191). Accelerated conver¬ 
sion of T 3 to rT 3 because of activation of D3 has been sug¬ 
gested to be one of the mechanisms by which tyrosine kinase 
inhibitors increase the LT 4 requirement in hypothyroid pa¬ 
tients (190,191). The activity of other deiodinases may also 
be affected by these agents (191). 

With respect to agents that alter D2 activity, a need for an 
increased dose of LT 4 was reported with initiation of amiodar- 


one therapy in two patients (192), and this drug has been shown 
to inhibit D2 in rodents (193). The iodine content of amiodarone 
could also be responsible for worsening of hypothyroidism in 
patients with intact thyroid glands. Although there are reports in 
humans that propranolol and glucocorticoids also inhibit T 4 to 
T 3 conversion (194,195), there do not seem to be data indicating 
that these agents increase the requirement for LT 4 in hypothy¬ 
roid patients. Growth hormone (GH) replacement therapy in 
GH-deficient subjects decreases serum T 4 and rT 3 levels, with a 
concomitant rise in serum T 3 levels (196, 197). This suggests a 
stimulatory effect of GH and/or insulin-like growth factor 1 on 
the peripheral deiodination of T 4 . As a consequence, LT 4 dose 
may need to be adjusted when growth hormone therapy is ini¬ 
tiated. Although consumptive hypothyroidism has most usually 
been reported in children with hemangiomas, it has also rarely 
been reported as a cause of increased LT 4 requirement in adults. 
Vascular tumors (198), fibroblastic tumors (199), and gastroin¬ 
testinal stromal tumors (200) may each overexpress D3 and 
result in a need for an increased dose of LT 4 . 

If drugs that increase the serum TBG concentrations, and 
thus increase total T 4 levels, are started in hypothyroid patients 
receiving LT 4 , their TSH levels may rise above the reference 
range, thus signaling the need for a higher dose of LT 4 to 
compensate and restore the steady state. Examples of drugs that 
increase serum TBG from insignificant to significant degrees, 
include estrogen (201), t a moxifen (202), raloxifene (203), 
clofibrate (204), opioids (205), mitotane (206), fluorouracil 
(207), and capecitabine (208). With the exception of estrogen, 
these drugs have either not been associated with an altered TSH 
(202-207), or were shown in case reports only (208). With 
respect to the classic case of estrogen treatment in postmeno¬ 
pausal women, such therapy was associated with an increase in 
mean TSH concentration from 0.9mIU/L to approximately 
3.2mIU/L 12 weeks after initiation of estrogen therapy in a 
prospective nonrandomized study (201). Rapid estrogen in¬ 
crease during in vitro fertilization is associated with increased 
TBG (209), and increased TSH values in treated hypothyroid 
women (210). Data addressing the importance of reversing 
such acute changes in TSH are lacking. Androgens have the 
opposite effect and decrease the serum TBG concentrations, 
thus necessitating a decrease in LT 4 dose, as seen in an ob¬ 
servational study of four patients (211). 

Levothyroxine Dosage 

4a. What factors determine the levothyroxine 
dose required by a hypothyroid patient 
for reaching the appropriate serum TSH goal? 

■ RECOMMENDATION 

When deciding on a starting dose of levothyroxine, the 
patient’s weight, lean body mass, pregnancy status, eti¬ 
ology of hypothyroidism, degree of thyrotropin elevation, 
age, and general clinical context, including the presence of 
cardiac disease, should all be considered. In addition, the 
serum thyrotropin goal appropriate for the clinical situa¬ 
tion should also be considered. 

Strong recommendation. Moderate quality evidence. 

Discussion of the clinical literature 
Many factors can affect the LT 4 dose required to normalize 
a particular patient’s TSH. Most studies examining this issue 
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were retrospective chart reviews (47,212-224), but some 
studies were prospective (38,225-229). Much of these data 
are based on retrospective or cross-sectional studies, al¬ 
though the conclusions of these studies are generally con¬ 
sistent with each other. 

There is consistent evidence that actual body weight, TSH 
goal (normal versus subnormal), ideal body weight, etiology 
of hypothyroidism, degree of serum TSH elevation, preg¬ 
nancy, and age can influence dose requirement. Based on 
body weight, hypothyroid patients with minimal endogenous 
thyroid function require LT 4 doses of 1.6-1.8 yUg/kg of actual 
body weight (38,47,212,213,215-217,226,227), although 
some studies estimate higher doses of 2.0-2.1 yUg/kg for some 
patient groups (212,213,226). Two studies have shown that 
ideal body weight is a better predictor of LT 4 dose than actual 
body weight (214,225), thus suggesting that LT 4 dose re¬ 
quirement may depend on lean body mass. LT 4 doses in 
thyroid cancer patients requiring TSH suppression are gen¬ 
erally higher and on the order of 2.1-2.7 yUg/kg (38,212,215). 

The etiology of a patient’s hypothyroidism affects their 
LT 4 dose (212,226), likely reflecting the amount of residual 
functional thyroid tissue. Patients who are athyreotic as a 
consequence of thyroidectomy generally require a higher LT 4 
dose than patients with Hashimoto’s thyroiditis. Patients who 
have received radioiodine therapy for Graves’ hyperthy¬ 
roidism may have a variable need for LT 4 , depending on 
whether they have remaining functional autonomous thyroid 
tissue. Pretreatment serum TSH may also determine dose 
requirement (229). Indeed, the magnitude of the serum TSH 
elevation in patients newly diagnosed with hypothyroidism 
has been used to accurately predict a patient’s LT 4 require¬ 
ment at the time that their serum TSH was first rendered 
normal on two successive occasions (229). 

Women being treated for hypothyroidism typically require 
an increase in their LT 4 dose early in the first trimester of 
pregnancy (228). The magnitude of the increase is greater in 
patients with little residual thyroid function (218). LT 4 re¬ 
placement doses tend to decrease with age when they are 
titrated based on serum TSH (213,215,216,219,220). This 
occurs despite the previously mentioned decrease in LT 4 
absorption with advancing age (35), illustrating that the re¬ 
lationship between LT 4 dose requirement and age is complex. 

In contrast to consistency of the findings reported in the 
above studies, studies examining the effect of sex (214,215, 
221), menopausal status (214,215,221), and the presence of 
the type 2 deiodinase gene ( DI02 ) Thr92Ala polymorphism 
(222,224) have produced inconsistent findings. Differences 
in dose requirement based on sex and menopausal status have 
been reported in three studies (214,215,221). However, al¬ 
though all the studies found a lower dose requirement in 
postmenopausal women, different conclusions were reached 
about the dose requirement of men. One study suggested that 
sex differences were best demonstrated when dose require¬ 
ment was based on ideal body weight or degree of overweight 
was included in the model (214). This study concluded that 
the effect of sex on LT 4 dose requirement was not removed 
by accounting for sex differences in ideal body weight or 
degree of overweight. Another study, in contrast, suggested 
that differences in lean body mass accounted for sex differ¬ 
ences (225). 

Two different studies have examined the effect of deio¬ 
dinase polymorphisms on the LT 4 dose required to reach a 


target TSH concentration. One study showed that the DI02- 
Thr92Ala polymorphism predicted the need for a higher dose 
of LT 4 in order to achieve near suppression of the serum TSH 
of thyroid cancer patients (224). Another larger study, in 
contrast, found no effect of this polymorphism on the LT 4 
dose needed to achieve TSH suppression in thyroid cancer 
patients or TSH normalization in patients with Hashimoto’s 
hypothyroidism (222). Thus, the study by Torlontano et al. 
(224) suggests a blunting in the thyrotroph response associ¬ 
ated with diminished T 4 to T 3 conversion, such that a higher 
dose of LT 4 is needed to suppress TSH. However, this theory 
may not be supported by the fact that the FT 4 and FT 3 levels 
did not differ between the two genotypes being studied. There 
are no data regarding the impact of this polymorphism in 
nonpituitary brain tissues. However, the pituitary is highly 
enriched in D2, hence it could be more sensitive (compared to 
other tissues) to the effects of relative defects in the D2 en¬ 
zymatic activity. Given the inconsistent results of these two 
studies (222,224), further studies will be needed to determine 
if a patient’s genetic composition truly determines their LT 4 
requirement (see discussion in section 13a). 

With respect to the effect of age on LT 4 requirement, ana¬ 
lyses of age-related changes have not always incorporated 
adjustments for both the weight and sex of patients. In one 
study that adjusted for body weight only, older patients still 
required a lower LT 4 dose (213). In another study that inves¬ 
tigated females and males separately, the decreased LT 4 re¬ 
quirement with age was only documented in men (220). Two 
other studies have suggested that declining lean body mass 
(219) or alterations in body composition and/or changes as¬ 
sociated with menopause (214) accounted for the reduced LT 4 
requirement with age. Interestingly, sick patients older than 65 
years, who are taking other medications in addition to LT 4 for a 
variety of comorbidities, require lower weight-based doses of 
LT 4 to normalize their serum TSH than do healthy controls of a 
similar age who are taking only LT 4 (223). 

4b. What is the best approach to initiating 
and adjusting levothyroxine therapy? 

■ RECOMMENDATION 

Thyroid hormone therapy should be initiated as an initial 
full replacement or as partial replacement with gradual 
increments in the dose titrated upward using serum thy¬ 
rotropin as the goal. Dose adjustments should be made 
when there are large changes in body weight, with aging, 
and with pregnancy, with thyrotropin assessment 4-6 
weeks after any dosage change. 

Strong recommendation. Moderate quality of evidence. 

Discussion of the clinical literature 
Several approaches to initiating LT 4 therapy are accept¬ 
able. One approach is to base the starting dose on the serum 
TSH level, with full replacement doses (roughly 0.73 /tg/lb or 
1.6 /tg/kg body weight) being required when the serum TSH 
is markedly elevated, and lower doses (e.g., 25-50 fig) being 
required in milder degrees of hypothyroidism; for example, if 
the serum TSH is < 10 mlU/L or the patient has SCH (3,229). 
Other factors to consider when initiating LT 4 therapy include 
patient age (220) and underlying comorbidities (223), both of 
which tend to decrease the daily hormonal requirement. The 
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daily LT 4 dose is more dependent on lean body mass than 
total body weight (225), which explains why the elderly often 
require lower doses of LT 4 (219). Medications being taken 
concurrently may also affect the dose required (230). 

The full calculated daily LT 4 dose (based on body weight) 
may be given initially to young and middle-aged patients who 
are otherwise healthy, but many experts recommend that el¬ 
derly patients and those with cardiovascular disease “start low 
and go slow,” for fear of precipitating cardiac events. How¬ 
ever, one randomized trial showed that even elderly hypothy¬ 
roid patients who are free of cardiovascular disease, as assessed 
by a dobutamine stress echocardiogram and bicycle ergometry 
at 12 and 24 weeks, may be safely started on the full re¬ 
placement dose (227). It was also observed that thyroid func¬ 
tional parameters improved more rapidly in patients given the 
full dose rather than lower doses. There was no difference in 
the time it took for hypothyroid symptoms to resolve, although 
the initial assessment of symptoms did not take place until 12 
weeks. This has led to the recommendation by some experts 
that the practice of starting LT 4 therapy slowly in the elderly 
not be abandoned, since it appears that there is little to be 
gained in elderly patients by starting with a full dose, and there 
are potential risks unless it has been documented that the pa¬ 
tient is free of cardiovascular disease (231). Patients with 
known coronary artery disease (CAD) should always be started 
on a low LT 4 dose (12.5-25 /rg/d), with gradual increases 
based on symptoms and serum TSH levels. Patients who have 
been rendered profoundly hypothyroid for radioiodine scan¬ 
ning and treatment for thyroid cancer or who became hypo¬ 
thyroid after treatment for hyperthyroidism would be an 
exception to the recommendation to “go slow” because they 
were recently either hyperthyroid or euthyroid and have ex¬ 
perienced hypothyroidism of limited duration. 

With the exception of secondary (central) hypothyroidism, 
rare instances of peripheral thyroid hormone resistance, and 
analytic interference with its measurement, the serum TSH is 
the parameter that is used to adjust the LT 4 dose, with the target 
TSH typically being 0.5 to 3.5 or 4mIU/L. Dose adjustments 
are usually made 4-6 weeks after thyroid hormone is initiated, 
based on the half-life of LT 4 , which reaches steady-state levels 
by then, and serum TSH, which reaches its nadir at the same 
time. The target serum TSH may vary depending on patient 
age and underlying comorbidities. In general, LT 4 dose ad¬ 
justments of 12.5-25 /rg/d are made, either up or down, de¬ 
pending on whether the serum TSH is high or low, 
respectively; the serum TSH is then repeated in 4-6 weeks, 
until the TSH target has been reached. Thereafter, serum TSH 
should be measured in 4-6 months and then yearly to assure 
stability. Changes in LT 4 requirements occur with progression 
of thyroid failure (higher), aging (lower), weight loss (lower), 
and pregnancy (higher), and many other factors, such as con¬ 
comitant medications, altered intestinal absorption, and med¬ 
ication adherence, to name a few. Interestingly, patients being 
prescribed lower doses of LT 4 appear to have more stable TSH 
values over time than those taking higher doses (232). 

4c. What are the potential deleterious effects 
of excessive levothyroxine? 

■ RECOMMENDATION 

The deleterious health effects of iatrogenic thyrotoxicosis 

include atrial fibrillation and osteoporosis. Because of 


these effects we recommend avoiding thyroid hormone 
excess and subnormal serum thyrotropin values, particu¬ 
larly thyrotropin values below O.lmIU/L, especially in 
older persons and postmenopausal women. 

Strong recommendation. Moderate quality evidence. 

Discussion of the clinical literature 
Unfortunately, many patients treated with LT 4 are over¬ 
treated, based on subnormal serum TSH levels. In one study of 
older individuals taking LT 4 ,36% of patients over age 65 years 
had a subnormal serum TSH (233). Excess levels of thyroid 
hormones, especially levels that lead to serum TSH < 0.1 mlU/ 
L, have been shown in many studies to be associated with 
adverse outcomes, especially related to the cardiovascular 
system and the skeleton in older persons or postmenopausal 
women. For example, in one study, patients older than age 65 
with serum TSH levels <0.1mIU/L, the majority of whom 
were taking LT 4 , had a threefold increase in the risk of atrial 
fibrillation over a 10-year observation period compared to 
euthyroid controls (234). The risk for low bone density and 
fractures is also elevated in postmenopausal (but not pre¬ 
menopausal) women taking LT 4 (235), especially if the serum 
TSH levels are undetectable (236). The hazard ratios for in¬ 
patient admissions and deaths due to cardiovascular disease, 
dysrhythmias, and osteoporotic fractures were higher for those 
with suppressed TSH values in the same study of LT 4 -treated 
patients (236). Balancing the risks and benefits of subnormal 
TSH values in individuals with differentiated thyroid cancer 
will not be addressed in this document. 

4d. What are the potential deleterious effects 
of inadequate levothyroxine? 

■ RECOMMENDATION 

The adverse effects of thyroid hormone deficiency include 
detrimental effects on the serum lipid profile and pro¬ 
gression of cardiovascular disease. We recommend that 
patients with overt hypothyroidism be treated with doses 
of levothyroxine that are adequate to normalize serum 
thyrotropin levels, in order to reduce or eliminate these 
undesirable effects. 

Strong recommendation. Moderate quality evidence. 

Discussion of the clinical literature 
Just as LT 4 therapy is frequently associated with over¬ 
treatment, undertreatment is common as well (233). Whether 
this is due to poor medication adherence or inadequate 
monitoring by the provider and failure to appropriately adjust 
the LT 4 dose is not known. To the extent that the goal of 
treating hypothyroidism is to reverse the adverse effects of 
thyroid hormone deficiency on all body systems, inadequate 
therapy would be expected to be associated with the same 
comorbidities as untreated disease, especially dyslipidemia 
(81), atherosclerotic cardiovascular disease (237), and con¬ 
gestive heart failure (238), although likely to a less severe 
degree. Severe hypothyroidism is also a cause of reversible 
cardiomyopathy (239). 

In mild (subclinical) hypothyroidism, however, it has been 
difficult to show that the mildly elevated serum TSH levels 
typical of this state are associated with adverse outcomes when 
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left untreated, so that inadequate treatment would not neces¬ 
sarily be associated with morbidity. However, a recent report 
suggested that treatment of mild hypothyroidism was of ben¬ 
efit in reducing the risk of cardiac events in patients aged 40- 
70 years, providing some preliminary evidence in favor of 
normalizing the serum TSH in this age group (53). In this same 
study, however, no benefit of treatment was seen in persons 
over age 70 years, making it difficult to state that inadequate 
LT 4 therapy of SCH has deleterious effects in older persons. 
Indeed, the target serum TSH in the elderly may be higher than 
in younger persons, in light of data showing that older persons 
have a shift to the right in the serum TSH distribution, making 
the concept of inadequate therapy even more problematic in 
this age group (see recommendation 6a). 

The particular importance of avoiding undertreatment of 
hypothyroidism during pregnancy is discussed in section 6b. 

Levothyroxine and Other Nonhypothyroid Medical 
Conditions 

5a. What is the appropriate management 
of perceived allergy to the constituents of 
levothyroxine or intolerance to levothyroxine? 

■ RECOMMENDATION 

Perceived allergy or intolerance to levothyroxine can be 
managed by changing the dose or product, including 
consideration of gel capsules, and possibly by treating 
concomitant iron-deficiency anemia. In selected cases, a 
consultation with an allergist may be appropriate. 

Weak recommendation. Low-quality evidence. 

Discussion of the clinical literature 
The vast majority of patients taking LT 4 tolerate the medi¬ 
cation without adverse effects. Since LT 4 is identical to the 
molecule produced by the body, it is difficult to understand 
how patients can be “allergic” to the medication, but occa¬ 
sional patients perceive adverse reactions from the medication, 
including headaches, palpitations, anxiety, and other nonspe¬ 
cific symptoms even when their thyroid hormone levels are 
still low and serum TSH levels are elevated. A reasonable 
approach in such instances would be to reduce the LT 4 dose 
and advance it slowly. One report of symptoms with institution 
of LT 4 therapy documented resolution of the symptoms when 
concomitant iron deficiency was corrected (240), highlighting 
that the correct attribution of the cause of symptoms is not 
always easy. Allergy to the dye in the tablet may rarely occur 
(241) and can be managed using 50/rg tablets, which are 
colorant-free. A recent report of an allergy in the form of a rash 
that developed in a patient taking an LT 4 preparation manu¬ 
factured in Korea and containing tartrazine yellow no. 4 and 
red no. 3, was circumvented by treating the patient with a 
different levothyroxine product (242). Purported intolerance to 
other excipients in LT 4 tablets (e.g., lactose, acacia, or even 
gluten) is anecdotal. However, some brands of LT 4 contain 
lactose and/or acacia, and others do not, so trying an alternate 
product, including gel capsules, to see if allergic symptoms 
resolve is a reasonable strategy. If problems persist, a referral 
to an allergist may be helpful to rule out other allergens in food 
or in the home, reactions to which may have been attributed to 
the patient’s thyroid medication. 


5b. How do co-existent medical conditions 
(e.g., atherosclerotic coronary artery disease) 
affect the management of levothyroxine 
replacement therapy? 

■ RECOMMENDATION 

We recommend considering patients’ underlying medical 
conditions (such as atherosclerotic heart disease) in order 
to establish realistic treatment goals and avoid exacerba¬ 
tion of underlying comorbidities. 

Weak recommendation. Low-quality evidence. 

Discussion of the clinical literature 

Renal and liver disease. There are no adjustments in LT 4 
dosing that are required in cases of cirrhosis or renal failure. 
Nephrotic syndrome, with its large urinary protein losses that 
include the thyroid hormone transport proteins TBG, transthyr- 
etine and albumin, can be a cause of increased LT 4 require¬ 
ments due to excessive urinary thyroid hormone losses (243). 

Cardiac disease. Thyroid hormone therapy, with its 
inotropic and chronotropic effects on the heart, is a potential 
cause of angina in patients with severe CAD (244,245). This 
is the reason for starting patients with low doses of LT 4 , and 
increasing the dose slowly, while monitoring for the devel¬ 
opment of angina or other cardiac symptoms such as tachy¬ 
arrhythmias. With the current use of //-adrenergic blocking 
drugs, most patients with CAD can be fully treated with LT 4 
without difficulty. If patients are unable to tolerate the full 
LT 4 dose required to normalize the serum TSH, additional 
measures (medical or surgical) to treat the CAD would be 
indicated. 

Gastrointestinal disease. See recommendation 3c for 
discussion of gastritis, celiac disease, and intestinal by-pass 
surgery 

5c. How do co-existent psychosocial, behavioral, 
and mental health conditions (such as addiction, 
somatization disorder, and depression) affect 
the management of levothyroxine therapy? 

■ RECOMMENDATION 

The treatment goals of hypothyroidism are the same for 
patients with psychosocial, behavioral, and mental health 
conditions, as for the general population. However, re¬ 
ferral to a mental health professional should be considered 
if the severity of the symptoms is not sufficiently explained 
by the severity of the biochemically confirmed thyroid 
dysfunction or another medical condition, or if the mental 
health condition is impairing effective management of 
levothyroxine replacement therapy. 

Strong recommendation. Low-quality evidence. 

Discussion of the clinical literature 

Underlying mental health problems, such as depression, 
personality disorders (e.g., borderline personality), and ad¬ 
dictions, may complicate treatment of hypothyroidism and 
become frank barriers to informed consent and may impact 
perception of health state and adversely affect rational 
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decision-making capacity. Patients in these categories should 
have a formal capacity assessment by a mental health expert 
(e.g., psychiatrist, clinical psychologist or social worker, li¬ 
censed addiction therapist) to rule out underlying mental 
health conditions. 

One mental health disorder that has been hypothesized to be 
overlooked in the context of hypothyroidism is somatization 
disorder, which warrants evaluation and possible treatment by 
a mental health professional. Somatization disorder involves a 
range of physiological sensations and complaints manifest in 
response to a complex psychological or abuse history (246- 
249). It is not a factitious disorder or malingering. It has been 
hypothesized that patients with somatization disorders, who 
have been treated for hypothyroidism, may persistently com¬ 
plain of a range of symptoms associated with hypothyroidism 
despite normal laboratory testing (250). Such patients are 
typically driven to a range of multiple practitioners, who may 
do multiple work-ups, and even unnecessary procedures. Such 
patients are frequently at risk for a range of iatrogenic harms, 
such as risks from unnecessary surgeries. They may also 
pay large sums of money for nonstandard alternative therapies 
to deal with their physiologic complaints in an attempt to 
“prove” they are real (as to the patient, they are), and they 
may become belligerent and combative when told they are 
euthyroid. Patients with somatization disorders are frequently 
misdiagnosed and mismanaged and have complicated medical 
histories. Frequent misdiagnosis may occur because they seek 
out so many subspecialists. Somatization disorder is over¬ 
whelmingly diagnosed in females, with current hypotheses 
that it may be a disorder of affect regulation (251) or a com¬ 
plication or manifestation of a history of physical or sexual 
abuse (252). Recent data suggest that one in three women 
worldwide have been sexually or physically abused in their 
lifetimes (domesticviolencestatistics.org). Somatization dis¬ 
order should be managed in conjunction with a mental health 
care provider to rule out other underlying psychiatric prob¬ 
lems, including personality disorders. 

In patients with persistent complaints of hypothyroidism as 
well as chronic pain and malaise, all organic causes should be 
ruled out, followed by referral to a mental health practitioner 
to screen for somatoform disorder. Patients suspected of so¬ 
matoform disorders should be provided with sensitive dis¬ 
cussion in which the referral is explained, in which trust is 
maintained. Patients should understand and appreciate that 
their symptoms are not factitious and are real and they may 
have causes that are rooted in psychological trauma, rather 
than an organic problem with physiologic causes. 

Levothyroxine Therapy in Specific Subpopulations 

6a. How should levothyroxine therapy be managed 
in the elderly with hypothyroidism? 

■ RECOMMENDATION 

In general, levothyroxine should be initiated with low 
doses, and the dose titrated slowly based on serum thyro¬ 
tropin measurements. It should be recognized that normal 
serum thyrotropin ranges are higher in older populations 
(such as those over 65 years), and that higher serum thy¬ 
rotropin targets may be appropriate. 

Strong recommendation. Moderate quality evidence. 


Discussion of the clinical literature 

In elderly persons (those older than 65-70 years) who are 
without known heart disease or without major risk factors for 
heart disease, LT 4 therapy can be initiated at the full dose 
(227), although the method of starting with a low dose and 
increasing it slowly is still preferred by some experts (231). 
The final LT 4 dose that normalizes the serum TSH is gen¬ 
erally lower in the elderly compared to younger persons 
(213,220), related to decreases in T 4 turnover with age, in 
turn caused by decreases in lean body mass (253). However, 
other factors in the elderly, such as decreased thyroid hor¬ 
mone absorption; concomitant drug use, which is more 
common in the elderly; and other comorbidities may serve to 
negate the effects of decreased T 4 metabolism, leading to an 
LT 4 dose that is closer to what would be predicted in a 
younger person. 

The elderly are more susceptible to the adverse effects of 
thyroid hormone excess, especially atrial fibrillation (234), 
and osteoporotic fractures (235,236,254), so that careful ti¬ 
tration of the LT 4 dose to avoid iatrogenic thyrotoxicosis is 
essential in this population. Studies specifically examining 
methods for dose titration in the elderly could not be identi¬ 
fied, thus making clinical judgment of paramount impor¬ 
tance. In addition to the lower dose requirements related to T 4 
metabolism, the target serum TSH should likely be raised in 
older persons, especially the oldest old (patients > 80 years), 
given data showing that serum TSH levels rise with age in 
normal individuals who are free of thyroid disease (255- 
257). Indeed, the 97.5% confidence interval for serum TSH in 
healthy elderly persons is 7.5mIU/L (255). There are ob¬ 
servational data showing decreased mortality rates (258) and 
improved measures of well-being (259) in elderly persons 
with TSH levels that are above the traditional reference range 
(i.e., 0.5-4.5 mlU/L) for the general population. Furthermore, 
there are also observational data showing that higher FT 4 
concentrations are associated with mortality in the elderly 
(257). On the other hand, some data suggest that that sub- 
clinical hypothyroidism may be associated with increased 
mortality, possibly limited to those with cardiac disease such 
as congestive heart failure (260). 

No RCTs of LT 4 treatment in elderly patients with hypo¬ 
thyroidism comparing different TSH target values are 
available. However, based on the current evidence it is rea¬ 
sonable to raise the target serum TSH to 4-6 mlU/L in per¬ 
sons greater than age 70-80 years. Given that many 
individuals taking LT 4 are either undertreated or overtreated 
(49,233), and that, in addition, those aged 85 years and older 
are more frequently started on LT 4 than younger age groups 
(261), the elderly, who comprise an increasing proportion of 
the U.S. population, should be targeted for particularly 
careful monitoring of therapy. If maintaining a regular daily 
schedule of LT 4 therapy is problematic in an elderly indi¬ 
vidual, consideration could be given to a guardian or visiting 
nurse giving all the LT 4 pills once weekly (or half the pills 
twice weekly), if appropriate. 

LT 4 management in the case of elderly who are incapaci¬ 
tated and require guardianship is beyond the scope of this 
document. However, elderly patients who are no longer 
competent/capacitated may be overlooked with respect to 
effective treatment of hypothyroidism and should be con¬ 
sidered to be a vulnerable group. 
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6b. How should levothyroxine therapy be managed 
in pregnant women with hypothyroidism? 

■ RECOMMENDATION 

Women with overt hypothyroidism should receive le¬ 
vothyroxine replacement therapy with the dose titrated to 
achieve a thyrotropin concentration within the trimester- 
specific reference range. Serial serum thyrotropin levels 
should be assessed every 4 weeks during the first half of 
pregnancy in order to adjust levothyroxine dosing to main¬ 
tain thyrotropin within the trimester specific range. Serum 
thyrotropin should also be reassessed during the second half 
of pregnancy. For women already taking levothyroxine, two 
additional doses per week of the current levothyroxine dose, 
given as one extra dose twice weekly with several days 
separation, may be started as soon as pregnancy is confirmed. 
Strong recommendation. Moderate quality evidence. 

Discussion of the clinical literature 

The treatment of hypothyroidism during pregnancy must 
be considered within the context of trimester-specific alter¬ 
ations in thyroid physiology as well as the etiology of the 
thyroid disease. The TSH range for each trimester should be 
defined within the medical system in which care is being 
provided, with a generalized range as follows: 0.1-2.5 mlU/L 
for the first trimester, 0.2-3.0 mlU/L for the second trimester, 
and 0.3-3 .OmIU/L for the third trimester, as outlined in the 
ATA guidelines for the management of thyroid disease dur¬ 
ing pregnancy (1). Several studies, including the Generation 
R study by Medici et al. (262), have reported a higher 
TSH reference range during pregnancy, suggesting that 
ethnicity-based polymorphisms and dietary factors may play 
an important role in the thyroid axis response to pregnancy 
(262-266). The use of FT 4 immunoassays to further define 
the thyroid status during pregnancy is complicated by interfer¬ 
ences associated with physiological changes during pregnancy. 
These changes include increases in TBG and nonesterified fatty 
acids, as well as lower concentrations of albumin. Liquid chro¬ 
matography-tandem mass spectrometry (LC/MS/MS) assays 
eliminate some of these confounding factors (267). However, 
these assays are time consuming and more expensive. The in¬ 
creasing availability of LC/MS/MS assays may increase their 
acceptance and decrease their cost. LC/MS/MS appears to be 
associated with improved accuracy and reliability of FT 4 mea¬ 
surements (268) and is the method endorsed by the ATA 
guidelines for the diagnosis and management of thyroid disease 
during pregnancy (1). 

Overt hypothyroidism (OH) is associated with an increased 
rate of maternal complications, including decreased fertility, 
increased miscarriage or stillbirth, hypertension, and postpar¬ 
tum hemorrhage (269,270). In addition, OH is also associated 
with increased risks of fetal/infant complications, including 
preterm delivery, low birth weight, and irreversible cognitive 
deficits (271-274). In women previously treated for hypothy¬ 
roidism or found to have OH during pregnancy, LT 4 replace¬ 
ment therapy should be continued or initiated if not previously 
started (1). Ideally, the LT 4 dose should be adjusted to achieve 
a preconception TSH level below 2.5 mlU/L (1). For women 
taking LT 4 prior to pregnancy, the initial adjustment in LT 4 
dose may be accomplished by increasing the current dose by 
two tablets per week (228). Thyroid function should be mon¬ 


itored every 4-6 weeks, at least for the first and second tri¬ 
mesters [generally the time when thyroid hormone 
requirements are changing (228)] in order to determine if and 
when additional adjustments in LT 4 dose are needed. Thyroid 
function should also be reassessed during the third trimester. 
Up to 70% of women will require adjustments of 30% or more 
from the preconception dose (228,269,275-277). Proper 
treatment of maternal hypothyroidism is associated with im¬ 
provement in some maternal and neonatal/infant outcomes 
(278,279). Although not ideal, the rare circumstance of late 
treatment with LT 4 does not universally result in poor neuro- 
developmental outcome. In a recent case report by Downing 
et al. (280), near-normal cognitive development was achieved 
for three children bom to mothers who had untreated hypo¬ 
thyroidism during the first trimester when compared to unaf¬ 
fected siblings, when maternal thyroid function was 
normalized prior to the third trimester. Women typically return 
to their lower prepregnancy requirement for LT 4 after delivery. 

6c. How should levothyroxine therapy 
be managed in infants and children 
with overt hypothyroidism? 

■ RECOMMENDATION, infants 

Levothyroxine replacement at a dose of 10-15 /rg/kg/d 
should be initiated once newborn screening is positive, 
pending the results of confirmatory testing. Higher doses 
may be required for infants with severe congenital hypo¬ 
thyroidism. The aim of therapy is to maintain the serum 
thyroxine in the mid- to upper half of the pediatric reference 
range and the serum thyrotropin in the mid- to lower half of 
the pediatric reference range. The target should be to nor¬ 
malize serum thyroxine approximately 2-4 weeks after 
initiation of therapy. Once the proper dose is identified, 
surveillance testing with a serum thyrotropin and thyroxine 
should be performed every 1 to 2 months during the first 
year of life with decreasing frequency as the child ages. 

Strong recommendation. High-quality evidence. 

■ RECOMMENDATION, children 

All children with overt hypothyroidism should receive 
levothyroxine replacement therapy to normalize their 
biochemical parameters and reverse their signs and 
symptoms of hypothyroidism. 

Strong recommendation. High-quality evidence. 

6d. How should levothyroxine therapy be managed 
in children with subclinical hypothyroidism? 

■ RECOMMENDATION 

In children with subclinical hypothyroidism, due to the low 
risks of levothyroxine replacement therapy, many clini¬ 
cians still consider it reasonable to initiate treatment to 
avoid any potential risk of negative impact on growth and 
development. Treatment is generally not recommended 
when the thyrotropin is 5-10mIU/L. For patients with 
subclinical hypothyroidism and thyrotropin >10mIU/L 
with signs and symptoms consistent with primary thyroid 
disease and/or risk factors associated with progression, 
levothyroxine replacement may be reasonable. 

Weak recommendation. Low-quality evidence. 
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Discussion of the clinical literature 

The management of hypothyroidism in children is similar to 
adults; however, there are unique differences based on the re¬ 
quirement of normal thyroid function for neurocognitive devel¬ 
opment as well as growth and development. A reflection of the 
unique differences between child and adult physiology is the 
increased weight-based requirements for thyroid hormone re¬ 
placement in children and adolescents compared to adults. As the 
child advances through the pediatric age into adulthood thyroid 
hormone replacement doses decrease, with newborns typically 
requiring 10/zg/kg/d, 1-year-old children 4—6 /zg/kg/d, adoles¬ 
cents 2-4 /zg/kg/d, with transition to the average adult dose of 
1.6 /zg/kg/d once endocrine maturation is complete (215,281). 

Thyroid dysgenesis is the most common etiology of CH, 
affecting approximately 1:2000 to 1:4000 newborns (282). 
While there is no consensus on the optimal starting dose of LT 4 
(283-286), standard or low-dose therapy is defined by a range 
of 5-10/zg/kg/d, while high-dose regimens are defined as a 
range of 10-15 /zg/kg/d (287,288). A systematic review of the 
literature summarizing data from 14 cohort studies with a total 
of 1321 patients reported no association between the starting 
dose of LT 4 therapy and the standardized mean IQ or devel¬ 
opmental quotient scores measured between 1 and 14 years of 
age (288). However, there are conflicting data, with several 
reports showing higher full-scale IQ scores associated with 
higher starting doses (283,286). While the controversy re¬ 
mains, there is reasonable agreement that the severity of the 
CH at the time of diagnosis (the maximum TSH level) and the 
length of time to achieve normal thyroid function (TSH and 
T 4 ) may ultimately have a greater impact on neurocognitive 
outcome than the initial starting dose (283,286,289). In addi¬ 
tion to the degree of TSH elevation, a distal femur plain ra¬ 
diograph may also help determine the severity of the 
hypothyroidism with a bony nucleus diameter <3 mm in a 
term infant being associated with severe CH and decreased 
psychomotor development in the first year of life (290). 

Optimal outcome appears to be achieved when thyroid 
hormone levels are normalized within 2 weeks of initiating 
therapy. Starting doses of 10-15 /zg/kg/d have been reported 
to normalize T 4 levels within 2-3 weeks, while doses < 8 /zg/ 
kg/d result in normalization within 6-8 weeks (288). Tai¬ 
loring the dose based on the severity of initial TSH and T 4 
deficit may be the most reasonable approach. Further study of 
appropriate LT 4 dosing in patients with CH treated with LT 4 
is certainly indicated. The addition of LT 3 to LT 4 has not 
been adequately studied to determine risk or benefit, but in a 
subgroup of patients with persistent elevations in TSH de¬ 
spite T 4 levels in the mid to upper part of the reference range, 
the addition of LT 3 may result in normalization of TSH (291). 
Within the United States, there are no liquid formulations and 
there are no compounding recipes that produce a stable 
concentration of LT 4 in suspension. Efforts to create sus¬ 
pensions should be avoided and are associated with marked 
extremes in dosing. To improve the likelihood of compliance, 
LT 4 should be administered during the same time of day, 
crushed and mixed with water, non-soy formula, or breast 
milk and administered via a spoon. Older children may chew 
or swallow the pill. Soy, iron, calcium, and infant colic drops 
(simethicone) can decrease the absorption of LT 4 and con¬ 
current ingestion should be avoided (292,293). 

The aim of treatment is to keep the T 4 level in the mid to 
upper half of the reference range and the TSH in the mid to 


the lower half of the reference range, optimally between 0.5 
and 2.0mIU/L (287). Once the proper dose is identified, 
based on normalization of TSH and T 4 , surveillance testing 
with a TSH and T 4 should be performed every 1-2 months 
during the first year of life with decreasing frequency as the 
child ages (287). Linear growth and development should be 
followed closely in conjunction with regularly scheduled, 
well-child health visits as recommended by the American 
Academy of Pediatrics. For patients with severe CH, monthly 
surveillance during the first 6-12 months may be indicated 
(294). For patients with mild CH and no change in the LT 4 
dose over the first 3 years of life, a trial off LT 4 therapy is 
reasonable in an effort to determine if the patient has transient 
or permanent CH (287). Permanent CH is established if the 
TSH rises and the T 4 decreases on repeat testing 4-6 weeks 
after stopping LT 4 therapy. For further information on the 
evaluation and management of CH, please refer to the recent 
joint consensus statement from the European Society for 
Pediatric Endocrinology (295). 

Autoimmune thyroiditis is the most common cause of 
acquired hypothyroidism, is more common in females com¬ 
pared to males, and the incidence increases during adoles¬ 
cence (296). Linear growth failure and concomitant bone age 
delay are the most common clinical signs of untreated ac¬ 
quired OH. Uncommonly, children may present with severe 
hypothyroidism, with TSH values > lOOOmIU/L (297). The 
most likely etiology is late-onset CH or delayed diagnosis of 
autoimmune hypothyroidism. Several approaches to care 
have been attempted without much impact on improving 
compromised adult height, a common outcome. These ap¬ 
proaches include initiation of small doses of LT 4 with slowly 
advancing dose or the addition of gonadotropin-releasing 
hormone agonist therapy as soon as signs or puberty are 
witnessed or if the pace of pubertal advancement appears 
rapid (297,298). Reduction in pretreatment weight gain 
should not be presumed with the initiation of LT 4 replace¬ 
ment therapy (299). LT 4 replacement therapy is the treatment 
of choice for patients with OH with the dose adjusted for 
weight or body surface area (281). The LT 4 dose for patients 
1-3 years of age is 4-6 /zg/kg/d, for patients 3-10 years the 
LT 4 dose is 3-5 /zg/kg/d, and for patients 10-16 years the LT 4 
dose is 2-4 /zg/kg/d (281). LT 4 may also be dosed based on 
body surface area calculated at 100 /zg/m 2 /d. The method of 
administration and the target values for TSH and T 4 are 
similar to that previously described for neonatal LT 4 re¬ 
placement dosing. 

SCH is similarly defined with a similar lack of consensus 
on if and/or when to initiate treatment (300-302). The 
majority of pediatric patients with SCH will not progress to 
OH, and there does not appear to be a significant risk as¬ 
sociated with not treating (303). In a large, retrospective 
study of 121,052 pediatric patients 6 months to 16 years 
of age, 73.6% of subjects with a TSH >5.5 to < lOmIU/L 
normalized their TSH over 5 years of follow-up. In sub¬ 
jects with a TSH > lOmIU/L, 40% had normalization of 
their TSH values, 33.1% had reduction of their TSH values, 
and only 25% had maintenance or increase of their TSH 
values (304). 

The presence of anti-thyroid antibodies may help iden¬ 
tifying a subpopulation at increased risk of progression to 
OH. In a study following 382 patients, including 323 pedi¬ 
atric patients with Hashimoto’s thyroiditis and 59 patients 
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with isolated hyperthyrotropinemia, the presence of thyroid 
peroxidase antibodies (TPOAb) increased the risk of devel¬ 
oping OH by 3.4-fold. However, after 3 years of follow-up, 
78% of subjects with Hashimoto’s thyroiditis and 86% of 
patients with isolated hyperthyrotropinemia did not develop 
OH (303). 

In addition to a lack of evidence showing an increased risk 
of progression, there are no data showing short-term or long¬ 
term negative consequences associated with untreated SCH 
in the pediatric population, including no adverse effect on 
linear growth and no increase in cardiovascular risk, behav¬ 
ioral disorders, or problems with cognition (301,305-309). 
Normalization of TSH values in the range often seen in SCH 
(>5.5 to <10mIU/L) may also occur in association with 
weight loss in obese pediatric patients, suggesting that the 
alterations in the thyroid axis are a consequence rather than a 
cause of the obesity (310). 

In several subgroups of patients, however, the potential 
benefit of LT 4 replacement therapy may be more significant 
and measurable, so the decision about whether to initiate 
LT 4 replacement should be based not only on the level of 
TSH but also on the clinical scenario in which the test was 
ordered as well as the age and risk of progression. For pa¬ 
tients with SCH and concern over linear growth, the pres¬ 
ence of a goiter on exam or evidence of autoimmune disease 
(including TPOAb positivity and/or an associated auto¬ 
immune disorder such as celiac disease or diabetes), initi¬ 
ation of LT 4 should be strongly considered secondary to 
potential benefit and an increased risk of progression (309). 
In addition, although there are no prospective data to show 
clear benefit from LT 4 replacement, patients with SCH and 
an increased total cholesterol with elevated LDL fraction 
may also benefit from initiation of therapy (310,311). 
Lastly, LT 4 should also be considered in pediatric patients 
with a history of exposure to radiation for the treatment of a 
benign condition or nonthyroid malignancy due to an in¬ 
creased risk for progression from SCH to OH, as well as 
evidence suggesting a lower risk of thyroid nodule forma¬ 
tion with LT 4 treatment (312). In a study examining 426 
subjects previously treated for benign conditions with ra¬ 
diation, 14.2% of patients treated with LT 4 developed re¬ 
current nodules compared to 34.2% of 198 subjects that did 
not receive LT 4 therapy (313). 

6e. How should levothyroxine therapy be managed 
in individuals who have elevated serum thyrotropin 
values due to nonadherence? 

■ RECOMMENDATION 

If prescription of daily levothyroxine is not successful in 
maintaining a normal serum thyrotropin, weekly oral ad¬ 
ministration of the full week’s dose of levothyroxine 
should be considered in individuals in whom adherence 
cannot otherwise be sustained. 

Weak recommendation. Low-quality evidence. 

Discussion of the clinical literature 
If patients maintain the same LT 4 dose, their serum TSH 
levels should remain within a fairly narrow range (37,314- 
316). If patients experience unexpected fluctuations in their 
serum TSH, or persistently elevated TSH concentrations 


despite the prescription of large doses of LT 4 , factors affecting 
LT 4 formulation, absorption, and metabolism can be investi¬ 
gated as potential culprits. Loss of potency due to use of LT 4 
that is beyond its expiry date or use of pills that have deteri¬ 
orated due to environmental causes such as excessive heat or 
moisture are other considerations. With respect to excessive 
heat, tablets may be heated during transport (particularly if 
shipped from a remote site) or may be stored in the heat (as 
may occur in patients whose jobs involve lengthy periods of 
travel in automobiles). If, however, such factors do not appear 
to be responsible, variable adherence or nonadherence to LT 4 
therapy should be considered (317). There are various reports 
in the literature in which patients with high TSH values while 
being prescribed LT 4 were shown to be able to absorb LT 4 
normally (317-322) and based upon this documentation were 
thought to have poor adherence. Absorption testing can be 
conducted by administering a specific oral dose of LT 4 under 
supervised conditions, measuring T 4 concentrations at specific 
time points thereafter, and comparing the observed and pre¬ 
dicted Cmax and AUC. A Cmax and AUC that is significantly 
less than the expected values would support impaired ab¬ 
sorption. The principle is similar to that using for bioequiva¬ 
lence testing (see section 2a). Doses of LT 4 of 600 fig to 2 mg 
have been employed in absorption testing (317-322). 

If a combination of a high TSH and a normal or high 
T 4 concentration is documented by laboratory testing, this 
pattern could be consistent with the syndrome of thyroid 
hormone resistance, a TSH-secreting pituitary adenoma, a 
macro-TSH phenomenon in which TSH complexes with an 
immunoglobulin and cannot be filtered by the kidney (323), 
or recent resumption of LT 4 therapy (324). One survey of 
patients prescribed LT 4 found a self-reported nonadherence 
rate of 22% (325). 

Adherence may be made difficult for those taking mul¬ 
tiple other medications including those that require specific 
administration conditions (e.g., bisphosphonates). Since 
LT 4 is generally a lifelong medication, it is important for 
patients to identify a medication schedule that facilitates 
adherence. In addition, patients can be educated about what 
approach to take if they forget a dose. Given the long half- 
life of LT 4 , patients can safely be advised to make up any 
omitted doses. A weekly pill box may be helpful for iden¬ 
tifying any omitted doses. Patients may also be taking 
medications that impair LT 4 absorption. Variable absorp¬ 
tion is clearly of less concern than omitted doses, so it may 
be necessary to compromise the goal of unimpaired ab¬ 
sorption in order to facilitate adherence. There has been 
speculation that some cases of failure to adhere to a pre¬ 
scribed LT 4 regimen may be linked to a psychiatric disorder 
manifest as a desire to remain a patient (326). Other psy¬ 
chosocial causes for noncompliance may include barriers to 
accessing medication, difficulties with insurance coverage, 
literacy issues, and lack of understanding regarding the 
benefits of taking LT 4 as a medication. 

Thyroid hormone concentrations in hypothyroid patients 
receiving large weekly doses of LT 4 have been studied in the 
past, prior to routine documentation of TSH values (327,328). 
Normalization of serum TSH in patients suspected of being 
nonadherent to their therapy, with weekly or twice weekly 
oral therapy has been reported in case reports (319,326,329) 
and a study of a group of 23 patients (322). Literature re¬ 
view revealed four relevant controlled studies (330-332). 
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Intuitively, patient education regarding the benefits of eu- 
thyroidism and the risks of iatrogenic thyroid disease would 
seem to a logical approach to reducing nonadherence. 
However, a randomized study providing education in the 
form of booklets mailed to patients’ homes compared with 
usual care did not affect serum TSH, which was used as a 
surrogate marker of adherence (330). A randomized cross¬ 
over trial of once weekly oral administration of 7 times the 
usual daily LT 4 dose versus daily dosage administration 
showed that weekly therapy was associated with suprather- 
apeutic concentrations of T 4 for about 24 hours, although T 3 
levels remained within the reference range (331). Mean se¬ 
rum cholesterol was higher during weekly therapy, but other 
markers of LT 4 action such as SHBG, osteocalcin, heart rate, 
and left ventricular ejection time did not differ between reg¬ 
imens over the 6-week duration of the trial. Patient symptoms 
and well-being also did not differ. A second similar cross-over 
trial of 6 weeks’ duration showed greater increases in T 4 after 
the weekly dose compared with the daily dose, with no as¬ 
sociated symptoms or echocardiographic manifestations of 
hyperthyroidism (333). A small cross-over trial of daily oral 
therapy versus twice weekly oral therapy showed no signifi¬ 
cant differences in trough and peak T 4 , T 3 , and TSH con¬ 
centrations and no differences in systolic time intervals over a 
1-month duration of therapy (332). 

Parenteral LT 4 therapy does not appear to have been rigor¬ 
ously studied. A case report in a patient with uncharacterized 
malabsorption, rather than noncompliance, has been de¬ 
scribed (334). Mathematical modeling of twice weekly or 
weekly administration of intramuscular LT 4 showed some 
fluctuations of T 4 levels, but with these levels remaining in 
the reference range (335). 

In conclusion, if efforts to encourage regular daily con¬ 
sumption of LT 4 are unsuccessful, options include observed 
therapy (329) or reduction of the frequency of LT 4 ingestion 
to twice weekly (332) or weekly (331), with a starting dose 
equal to the weight-adjusted dose one would prescribe in a 
daily administration regimen (i.e., 7 times the daily dose). 
However, the three cross-over trials of such oral therapy were 
not long term, and none were conducted in a patient group 
previously reported as manifesting nonadherence (331-333). 
No differences in clinical or end organ parameters of thyroid 
hormone action, other than higher serum cholesterol with 
weekly therapy, were reported in these short-term trials. 
Parenteral administration of LT 4 is also possible (334,335), 
although no trials of such therapy were identified. 

Levothyroxine and Triiodothyronine 
Concentrations 

7a. Are variations in serum triiodothyronine 
concentrations within the reference range of 
physiologic or clinical significance? In addition, 
are mildly low serum triiodothyronine 
concentrations of clinical significance? 

■ Summary statement 

The significance of perturbations in serum triiodothy¬ 
ronine concentrations within the reference range or of 

mildly low serum triiodothyronine concentrations is 

unknown. 


Mechanistic background 

Animal studies suggest that the thyroid axis has multiple 
homeostatic mechanisms that defend plasma T 3 . Rodents 
subjected to iodine deficiency maintain their serum T 3 levels 
(336,337). However, when severe iodine deficiency is ac¬ 
companied by a fall in serum T 3 , one of the tissues that is 
unable to sustain normal T 3 concentrations is the brain (336). 
Interestingly, other rodent studies do not show deficient T 3 
levels in the brain with LT4 monotherapy, although deficiency 
is seen in other tissues (338). Strikingly, animals with genetic 
inactivation ofDl, D2, or both have serum T 3 levels within the 
normal range, though brain T 3 levels are low (339-341). Even 
if the D2 inactivation is restricted to the TSH-producing cells 
of the pituitary gland, there is resetting of the hypothalamic 
thyrotropin-releasing hormone (TRH) production and TSH 
biological activity in order to preserve serum T 3 (342). These 
observations and the finding that other thyroid parameters 
such as T 4 and TSH are deranged in these animals support the 
concept that the maintenance of circulating levels ofT 3 is of 
primary importance in the thyroid axis homeostasis. 

Plasma T 3 is the main, and perhaps the only, source ofT 3 
for tissues that lack D2, such as the liver (23). Even in D2- 
expressing tissues, approximately 50% of the intracellular T 3 
is estimated to originate from the plasma based on rodent 
studies (23). Thus, if plasma T 3 was to fall to low levels, 
thyroid hormone signaling would be expected to decrease 
systemically. The minimum sustained decrease in plasma T 3 
that results in biologically important effects remains to be 
determined. A general caveat for this discussion is that var¬ 
iation in T 3 assay performance represents one methodolog¬ 
ical limitation affecting attempts to extract data regarding T 3 
concentrations from the existing literature. Another caveat of 
applying rodent studies to human physiology is that the T 4 :T 3 
ratio in rodents is skewed towards T 3 , with a ratio of about 
6:1 compared with 14:1 in humans, as pointed out by the 
authors in their study of plasma and tissue levels ofT 4 and T 3 
in thyroidectomized rats (338). 

Discussion of the clinical literature 

The interest in the use of combination therapies (see rec¬ 
ommendation 13) or T 3 monotherapy (see recommendation 
14) implies that T 3 levels are important. This concept would 
be a shift in traditional thinking. According to the current 
model, normalizing serum TSH is generally considered the 
target of therapy, and serum T 3 is typically not measured or 
monitored (343). Direct evidence addressing the question of 
whether small decrements in plasma T 3 have clinically im¬ 
portant sequelae is lacking. A critical question, therefore, is 
whether changes in T 3 concentrations are important and more 
specifically whether decrements in T 3 that remain within the 
reference range are actually of any clinical significance. 

Some data in humans suggest that maintenance of serum 
T 3 concentrations is of physiologic importance. It is well 
known that in mild primary hypothyroidism, serum T 3 is kept 
normal in the face of a low serum T 4 and mildly elevated TSH 
(4). In individuals living in areas of iodine deficiency, serum 
T 3 levels are normal even when T 4 and TSH are altered (344). 
In one study of 15 athyreotic patients taking LT 4 , a pro¬ 
gressive 30% fall in T 3 induced by PTU therapy over 8 days 
led to a doubling of TSH, even though T 4 was constant (18). 
Given the wide interindividual variability of the serum T 3 , a 
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30% decrease could occur with the actual T 3 value never¬ 
theless remaining in the normal reference range. 

Serum T 3 (345) and FT 3 (346) levels vary in a circadian 
fashion in healthy adult subjects, with estimates of the delta 
ranging from 14% to 35%. These changes likely follow the 
well-known circadian variation in TSH. Currently used 
therapies do not replicate the circadian rhythm of T 3 or FT 3 . 
For example, patients taking LT 4 monotherapy exhibit min¬ 
imal variations in serum T 3 (347). It is not known whether 
replication of this circadian rhythm is of biologic impor¬ 
tance, or whether mirroring this rhythm affects the ability to 
reverse hypothyroidism. In contrast to the steady levels of 
T 3 achieved with LT 4 monotherapy, unless given multiple 
times daily, LT 3 monotherapy is characterized by peaks and 
troughs in T 3 concentration (348). The serum concentration 
of T 3 following its oral administration can be predicted based 
on a two-compartment gut model (349). The peaks and 
troughs may not impact the genomic effects of T 3 , but may be 
important for nongenomic effects. 

Study results are mixed as to whether T 3 levels mirror 
other parameters that are generally thought to reflect thyroid 
status. Some studies show that T 3 is unaltered when other 
thyroid-related parameters change. For example, in one study 
increases in LT 4 dose that were reflected by increases in 
resting energy expenditure were not accompanied by sig¬ 
nificant changes in serum T 3 concentration (51). In other 
studies, at least some thyroid-related parameters change with 
changes in T 3 . With respect to the diagnosis of hypothy¬ 
roidism, total cholesterol and SHBG correlated well with T 3 , 
but had no correlation with TSH levels (350). In one study in 
which increasing LT 4 dose also increased serum T 3 , there 
were accompanying changes in cholesterol and SHBG, but 
no changes in well-being (50). In another study of LT 3 
monotherapy, raising T 3 levels to the higher end of the ref¬ 
erence range was accompanied by weight loss, decreased 
cholesterol, and increased SHBG (347). In a study of hypo¬ 
thyroid patients, those with low T 3 levels had higher scores of 
hypothyroidism than those with normal T 3 levels (58). 
However, the latter group also had lower TSH concentra¬ 
tions. Despite this, the hypothyroidism score did not correlate 
with TSH. There are some cases in which T 3 seems to be 
necessary for normalizing TSH. For example, there are case 
reports of children whose TSH values could only be nor¬ 
malized with a combination of both LT 4 and LT 3 (291). 
Concomitant LT 4 and PTU therapy that resulted in normal 
serum T 4 levels, but low serum T 3 was associated with an 
elevated serum TSH (18). 

A critical issue related to the importance of serum T 3 levels 
is the performance of assays used to measure T 3 and FT 3 . The 
disagreement between immunoassays and the more specific 
LC/MS/MS methodology is particularly noticeable at the 
lower end of the assay range, in the area where documenta¬ 
tion of T 3 concentrations would be most important if these 
levels were suspected to be deficient (351). LC/MS/MS as¬ 
says have theoretical advantages and may be the assay 
method of choice in the future (352). 

7b. Does levothyroxine therapy that returns 
the serum thyrotropin levels of hypothyroid 
patients to the reference range also result 
in normalization of their serum 
triiodothyronine levels? 


■ Summary statement 

Patients with hypothyroidism treated with levothyr¬ 
oxine to achieve normal serum TSH values may have 
serum triiodothyronine concentrations that are at the 
lower end of the reference range, or even below the 
reference range. The clinical significance of this is un¬ 
known. 

Discussion of the clinical literature 
LT 4 is an effective, convenient, and cost-effective treat¬ 
ment for hypothyroidism (see recommendation la). One of 
the underlying concerns expressed about LT 4 as a treatment 
for hypothyroidism in general is whether physiologic con¬ 
centrations of T 3 are provided by such therapy in patients 
who only retain minimal endogenous thyroid function. The 
implication is that inadequate T 3 levels in either the circu¬ 
lation or in tissues may be responsible for failure to reverse 
symptoms of hypothyroidism. 

There are at least eight studies (38-43,353,354) examining 
the issue of serum T 3 levels in humans being treated with 
LT 4 , although only two were prospective (38,39). Two 
studies used subjects as their own controls (39,42), five used 
matched controls (38,40,41,43), and two used comparison to 
the laboratory reference range only (353,354). A small pro¬ 
spective study of athyreotic patients with each patient serving 
as their own control showed maintenance of T 3 concentra¬ 
tions within the group as a whole, although a higher FX1/T3 
ratio was necessary to achieve this (39). A minority of indi¬ 
viduals within the group was noted to have lower serum T 3 
levels while talking LT 4 . An additional prospective study 
also showed a comparable free T 3 index in patients treated 
with LT 4 (38). Further cross-sectional studies suggested 
maintenance of T 3 concentrations in treated patients, but the 
reference range was the sole comparator (353,354). However, 
three cross-sectional studies comparing LT 4 -treated patients 
with control subjects showed that despite similar TSH val¬ 
ues the patients had significantly lower T 3 concentrations 

(40.41.43) . The log linear relationship between TSH and T 3 
was steeper (greater change in TSH for a given change in T 3 ) in 
treated hypothyroid patients than in control individuals 

(41.43) . This has been interpreted by the authors as indicating 
an abnormal thyroid-pituitary feedback, with a reduced 
sensitivity compared to euthyroid controls. Finally, a recent 
retrospective study found that low TSH levels were necessary 
in order to achieve the same T 3 levels during LT 4 therapy that 
were observed in patients prior to their thyroidectomy (42). 
However, in this study patients underwent phlebotomy 2-4 
hours after taking their LT 4 tablets, leaving open the possi¬ 
bility that TSH concentrations were sampled during the 
trough of the diurnal TSH pattern, which could have resulted 
in lower TSH values than were present during the remainder 
of the day (314,315,355). In addition, any comparison using 
the T 4 /TSH and T 4 /T 3 relationship from the study data would 
be confounded by the fact that the investigators likely sam¬ 
pled the peak T 4 levels. None of these studies examined pa¬ 
tient satisfaction with therapy. 

Another consideration in interpreting most of these studies 
is the rigor with which any population with confounding 
medications and co-existent illnesses were excluded because 
these factors are known to affect serum T 3 concentrations 
(356). In addition, such studies should take patient age into 
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account because not only does TSH increase with advancing 
age, but serum T 3 levels decrease within older age groups as 
well (257). 

In summary, all these studies show relatively high FT 4 
levels and either an increased FT4/T3 or FT4/FT3 ratio in LT 4 - 
treated patients. Whether these altered biochemical parame¬ 
ters have clinical consequences is unknown. For example, 
while excess T 4 could in theory lead to increased T 3 pro¬ 
duction in D2-expressing tissues, the regulation of D2 by the 
ubiquination-proteasomal system would tend to minimize 
this effect by inhibiting D2 activity and shortening its half- 
life (357). In addition, these studies differ with regard to the 
proportion of patients that can achieve normal T 3 levels 
without lowering the serum TSH below the reference range. 
In one of the prospective studies, serum T 3 levels were 
maintained as long as the serum TSH was less than 4.5 mlU/L 
(39). In one retrospective study, 15% of patients had serum 
FT 3 concentrations that were below the levels in euthy¬ 
roid controls (41). In another retrospective study, serum FT 3 
was only maintained if the patient’s serum TSH was below 
0.3mIU/L (42). However, when taken together, several 
nonprospective studies do indicate that LT 4 monotherapy is 
characterized by low T 3 levels in either some or many pa¬ 
tients (40—43). Whether these altered biochemical parameters 
have clinical consequences is unknown. 

7c. Is there evidence of discordance between 
the thyroid hormone status of different tissues 
and the serum thyrotropin concentration? 

■ Summary statement 

There are specific instances in which there appears to 
be discordance between the thyroid status of the pitu¬ 
itary gland, as reflected by the serum TSH, and the 
thyroid status of other tissues as indicated by various 
biomarkers. The clinical significance of this is not 
known. 

Mechanistic background 

Under normal physiological conditions, thyroid hormone 
signaling in the various organs and tissues is finely modulated 
at the target level, with different biological consequences. 
This diversity results from cells and tissues varying in terms of 
their expression of transmembrane transporters, deiodinases, 
nuclear TR subtypes, and coregulators (9,358,359). For ex¬ 
ample, the transporter MCT8 seems to be mostly important in 
the brain; D2 is expressed in the brain but not the liver; and 
the heart and skeleton are TR% predominant tissues whereas 
the liver is TR[S predominant. The consequences of differ¬ 
ential deiodinase expression are striking: rodent studies in¬ 
dicate that the TRs in brain cells are almost fully occupied 
under normal conditions, whereas in the liver cells the re¬ 
ceptors are only about half occupied (360). Furthermore, 
while nuclear T 3 content ultimately determines the intensity 
of the TR-mediated signaling, the set of genes affected by 
the TRs is cell type specific. Thus, systemic thyroid status is 
the integration of all of the individual thyroid statuses of the 
different cell types of the body at a given level of circulating 
T 3 and T 4 . 

Animal data strongly indicate that different tissues can 
have different concentrations ofT 3 , and thus different levels 


of thyroid hormone signaling at a given time; that is, tissues 
can have variable “tissue-specific thyroid status.” Further¬ 
more, normalization of the TSH does not ensure uniform T 3 
levels in various tissues, though no data are available re¬ 
garding the adequacy of thyroid signaling per se. This has 
been demonstrated in vitro by utilizing LT 4 infusion in ani¬ 
mals, during which some tissues were demonstrated to be 
relatively T 3 -deficient even though all were exposed to the 
same plasma T 3 and T 4 concentrations and in some cases had 
normal serum TSH levels (338,361). The best understood 
mechanism underlying tissue-specific thyroid status derives 
from the differential subcellular localizations of the deiodi¬ 
nases. While D2 and D3 are intracellular enzymes, D1 
functions at the plasma membrane. Thus, D2 can directly 
alter the intracellular T 3 content without immediately alter¬ 
ing plasma T 3 concentration. Thus, the differences in tissue 
distribution of the various forms of deiodinases result in 
tissue-specific supplies ofT 3 . In vitro data and rodent studies 
have established that primary changes in D2 or D3 in a given 
tissue can lead to tissue-specific changes in thyroid status 
without affecting circulating T 3 , T 4 , or TSH (362,363); 
human studies have not been reported. 

Discussion of the clinical literature 

In a 1971 study of myxedematous patients in whom ther¬ 
apy with LT 4 was initiated, lowering of their elevated serum 
TSH values was shown to correlate with the dose of LT 4 
given (46). The serum TSH correlated well with both the 
administered dose (r= -0.99) and the serum FT 4 concen¬ 
tration achieved (r= -1.0). In the years following, data have 
accumulated about the predictable (364), albeit complex 
(365-367), relationship between FT 4 and TSH. Part of the 
complexity of this relationship is due to higher TSH values in 
older individuals, but at the same time a less robust response 
to hypothyroxinemia in older individuals, resulting in two 
overlapping sigmoidal curves (367). Serum TSH has been 
accepted as a robust, sensitive, and reproducible indicator of 
thyroid status (368). Serum TSH is thought to integrate sig¬ 
nals from both T 3 and T 4 and its dynamic relationship with 
these parameters has led to its establishment as the best single 
test for determining systemic thyroid status. The logarithmic 
relationship between TSH and thyroid hormone bestows 
sensitivity: even if circulating T 3 and T 4 are in the normal 
range, it cannot be assumed that the subject is euthyroid. The 
interindividual ranges for T 3 and T 4 are much broader than 
the individual variance (369), such that measuring T 3 and T 4 
is a suboptimal way to assess thyroid status. 

Despite the time-honored concept that a normal serum 
TSH indicates that there is euthyroidism in all tissues, there 
are some data that do not support this concept. A caveat to 
using serum TSH as the sole indicator of systemic thyroid 
status can be proposed based on the observation that the TSH 
remains normal in some LT 4 -treated hypothyroid subjects 
with a high T 4 :T 3 ratio, even when T 3 levels are lower than 
the normal range (39-43) (see section 7b). In these subjects, it 
is possible that in the pituitary, the low T 3 is counterbalanced 
by the higher T 4 (370). However, it is unknown whether all of 
the other tissues of the body, with their differing expression 
of deiodinases, transporters, and TRs, can maintain normal 
thyroid signaling in the face of this altered T 4 :T 3 ratio, es¬ 
pecially when T 3 is low. Other examples of situations in 
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which T 3 may be low in the face of normal serum TSH in¬ 
clude starvation (371) and the polar T 3 syndrome (372). 

Other examples of discordant tissue response to therapy 
exist. In a study of daily monotherapy, a dose of LT 3 that 
normalized cardiac parameters, serum cholesterol, serum 
creatine phosphokinase, and basal metabolic rate did not 
normalize TSH, which in fact remained elevated (370). A 
recent cross-over study of LT 3 monotherapy and LT 4 
monotherapy that resulted in normal serum TSH concen¬ 
trations during both arms of therapy was accompanied by 
weight loss, decreased cholesterol, and increased SHBG 
during the LT 3 treatment phase (347). In another study in 
which resting energy expenditure was correlated with TSH 
levels, there were no concurrent TSH-associated changes in 
ACE concentration, SHBG levels, and the lipid profile (51). 
It has previously been suggested that LT 4 therapy provides a 
signal of greater magnitude to the thyrotrophs than LT 3 
because T 3 is provided not only by the circulating levels but 
also from intrapituitary conversion of T 4 to T 3 (370). Other 
investigators, after performing TRH stimulation testing in 
patients receiving either LT 4 or LT 3 treatment reached a 
different conclusion, namely that differential responses to 
therapy were mediated peripherally and not at the pituitary 
gland level (373). Such studies indicate discordance be¬ 
tween the signal emanating from the pituitary and other 
tissues. 

A recent study examined the relationships between TSH, 
FT 4 , and FT 3 in approximately 2000 patients who were either 
untreated or FT 4 treated (374). Mathematical modeling 
showed different correlations between TSH versus FT 4 and 
TSH versus FT 3 in the treated and untreated groups. The 
authors noted that in subjects treated with FT 4 monotherapy, 
the gradient between TSH and FT 3 increased with LT 4 dos¬ 
age. They observed that increments of LT 4 monotherapy 
were progressively more effective in suppressing TSH pro¬ 
duction, but simultaneously less effective in restoring FT 3 . 
They suggested that D2 levels within the pituitary are un¬ 
iquely increased in order to maintain T 3 production in the 
setting of high T 4 levels (358), thus lowering TSH levels. The 
lowered TSH levels could subsequently result in failure to 
maintain FT 3 levels. The authors suggested that their data and 
analyses (374,375) provide evidence that TSH may not be the 
only standard for assessing euthyroidism and that T 3 levels 
might need to be considered as well (374). 

The clinical syndromes of resistance to thyroid hormone 
(RTH), caused by inactivating mutations in TRa (RTHa) or 
TR/i (RTH/i) could perhaps also be considered as a very 
particular example of how TSH may not necessarily reflect 
thyroid hormone signaling in other tissues than the pituitary 
and the hypothalamus. Patients with RTHa have normal 
levels of TSH in combination with a low FT 4 and high T 3 , and 
suffer from local hypothyroidism in tissues that predomi¬ 
nantly express TRa (376,377). Patients with RTH/? have 
normal or elevated levels of TSH despite elevated levels of 
FT 4 and FT 3 and suffer from thyroid hormone overexpo¬ 
sure in TRa-expressing tissues (378,379). Thus the molecular 
pathology of RTH/? is an unbalanced hormonal signaling 
due to the combination of defective TR/? and otherwise 
normal TRa receptors exposed to supraphysiologic levels of 
thyroid hormone. The result is a mix of hypothyroid symp¬ 
toms and signs related to tissues such as the liver where the /?- 
isoform is present in higher concentrations, and hyperthyroid 


symptoms and signs in tissues enriched with TRa such as the 
myocardium (380). 

7d. Should levothyroxine therapy 
for hypothyroidism, particularly in specific 
subgroups such as those with obesity, 
depression, dyslipidemia, or who are athyreotic, 
be targeted to achieve high-normal 
triiodothyronine levels or low-normal 
thyrotropin levels? 

■ RECOMMENDATION 

There is insufficient evidence of benefit to recommend that 
treatment with levothyroxine be targeted to achieve low- 
normal thyrotropin values or high-normal triiodothyronine 
values in patients with hypothyroidism who are over¬ 
weight, those who have depression or dyslipidemia, or 
those who are athyreotic. 

Strong recommendation. Moderate quality of evidence. 

Discussion of the clinical literature 
Theoretically, it is possible that raising T 3 levels to the 
upper part of the normal range or achieving TSH values in the 
lower part of the normal range during replacement for hy¬ 
pothyroidism may be beneficial for those with residual signs 
or symptoms that overlap with those of hypothyroidism, such 
as dyslipidemia, obesity, depression, or dissatisfaction with 
their therapy. Serum T 3 would potentially be raised either by 
increasing a patient’s FT 4 dose to both lower the TSH and 
raise the T 3 concentration (39,41-43), although feedback 
mechanisms would presumably limit the degree to which T 3 
could be raised. Alternatively T 3 levels could be raised by use 
of combination therapy with LT 3 (see discussion in section 
13b). 

There are a handful of studies that potentially address the 
issue of raising T 3 levels or lowering TSH levels by FT 4 
dosage adjustment in treated hypothyroid patients who have 
lipid disorders or depression, are dissatisfied with their 
therapy, or are overweight. In a recent study, hypothyroid 
patients were maintained at low-normal or high-normal TSH 
values for a year and had resultant T 3 levels of 123 and 
113ng/dF. This study showed no decrement in cholesterol, 
BMI, or percentage body fat associated with the higher FT 4 , 
despite an increase in resting energy expenditure (381). In a 
cross-over trial, 56 patients with primary hypothyroidism 
were treated for 8-week periods with three doses of LT 4 in a 
random order, with achievement of TSH values of 2.8,1, and 
0.3mIU/F and free T 3 values of 2.5, 2.7, and 3.1 pg/mL re¬ 
spectively. There was progressive lowering of total choles¬ 
terol with the higher free T 3 values (50). However, the 
significance of this reduction seemed to be due to lowering of 
cholesterol in the group that included many patients with 
subclinical hyperthyroidism. Psychologic well-being, treat¬ 
ment satisfaction, and body weight did not change across the 
three different groups. 

Two retrospective studies have examined weight changes 
in hypothyroid patients. One of these examined weight 
changes in individuals after either replacement or suppressive 
doses of LT 4 for postsurgical hypothyroidism and found no 
significant weight changes (382). A second study compared 
weight changes during a 1-year period in patients who had 
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just undergone thyroidectomy without ever becoming hy¬ 
pothyroid with patients already taking LT 4 for primary hy¬ 
pothyroidism or thyroid cancer and also patients without a 
diagnosis of hypothyroidism (383). This study, in contrast, 
found those with hypothyroidism gained more weight than 
those without. The magnitude of the weight gain from greatest 
to least was (i) recently thyroidectomized, (ii) pre-existing 
hypothyroidism, and (iii) pre-existing thyroid cancer diagno¬ 
sis. Although this latter study could be interpreted as showing 
that LT 4 treatment to achieve a normal TSH fails to normalize 
some aspect of weight regulation, the cautions about drawing 
conclusions from retrospective studies applies. 

A 2006 cross-sectional analysis examined correlations 
between psychological well-being, as assessed by General 
Health Questionnaire (GHQ) scores, and thyroid analytes in 
hypothyroid patients being treated with LT 4 . There was a 
relationship between both the log-transformed TSH and 
psychological well-being and also between FT 4 concentra¬ 
tions and well-being, but no relationship existed between FT 3 
and well-being (67). In summary, these various studies, in 
which patients with AITD comprised 75%-80% of the pop¬ 
ulation, suggest that dosage adjustments resulting in higher 
T 3 concentrations do not decrease weight or BMI or improve 
patient well-being or satisfaction, but they may possibly de¬ 
crease serum cholesterol. 

Use of combination synthetic LT 4 and LT 3 therapy has not 
proven beneficial with respect to reducing body weight or 
improving lipid profile (see recommendation 13b), although 
analysis of subgroups with unfavorable lipid profiles or 
obesity have not been conducted. Symptoms such as anxiety 
and depression have not been shown to be less common 
in patients treated with combination therapy. Neither have 
patients with fatigue (384), dissatisfaction with their ther¬ 
apy (385), self-reported multidimensional psychopathology 
symptoms (386), or depression (387,388) been shown to re¬ 
spond better to combination therapy. However, small numbers 
of patients were available for some of these comparisons, for 
example four depressed patients versus 29 nondepressed pa¬ 
tients in the study by Bunevicius et al. (387), and 14 patients 
with low fatigue levels and 14 with high fatigue levels in the 
study by Rodriguez et al (384). 

If there is a possibility of low T 3 concentrations during LT 4 
therapy in the general population, and if the levels achieved 
are of concern, there may be another subpopulation for whom 
this theoretically is of even greater concern. This population 
would be patients with athyreosis. Those who are athyreotic 
as a result of thyroidectomy do not retain the ability to gen¬ 
erate T 3 from intrathyroidal sources, an ability that may be 
retained in patients with AITD who still have some endog¬ 
enous function. The ability to assess whether athyreotic pa¬ 
tients, in particular, benefit from combination therapy that 
includes T 3 is precluded by the small number of such patients 
who have been studied. Although the presence of athyreotic 
patients has been suggested to account for the positive out¬ 
come from one study of combination therapy (387), a meta¬ 
analysis performed in 2006 (389) did not find an association 
between positive outcomes from combination therapy and the 
athyreotic state. Another population who might potentially 
benefit from combination therapy is those patients who have 
the specific DI02 polymorphism DI02-Thr92Ala (390), al¬ 
though low serum T 3 levels have not been documented in this 
subpopulation, and abnormal D2 activity has not been con¬ 


firmed in this population either. This topic is fully addressed 
in recommendation 13b. 

Levothyroxine Therapy in Secondary 
Hypothyroidism 

8a. What biochemical goals should be employed 
for levothyroxine replacement in patients with 
secondary hypothyroidism? 

■ RECOMMENDATION 

In patients with secondary hypothyroidism, the primary 
biochemical treatment goal should be to maintain the se¬ 
rum free thyroxine values in the upper half of the reference 
range. However, the serum free thyroxine target level may 
be reduced in older patients or patients with comorbidities, 
who may be at higher risk of complications of thyroid 
hormone excess. 

Strong recommendation. Moderate quality evidence 

Discussion of the clinical literature 
Secondary (central) hypothyroidism is characterized by 
insufficient pituitary production of TSH. This disorder affects 
1:100,000 individuals and accounts for a small percentage of 
all cases of hypothyroidism (391). The treatment of second¬ 
ary hypothyroidism and that of the more common primary 
hypothyroidism require different approaches based on the 
ability of the serum TSH concentration to serve as a reliable 
signaling mechanism (391,392). Thus, in patients with pri¬ 
mary hypothyroidism the serum TSH concentration is con¬ 
sidered to be the best marker of thyroid status and is used as 
the basis for adjusting thyroid hormone dose. When the eti¬ 
ology of hypothyroidism is a pituitary deficit of TSH, this 
extremely sensitive and convenient indicator of thyroid status 
can, unfortunately, no longer be employed. Not only is serum 
TSH an unreliable indicator, but it may also become unde¬ 
tectable with small increments in LT 4 that still leave the 
serum FT 4 in the hypothyroid range (393). 

The dilemma with respect to treating secondary hypothy¬ 
roidism is that it cannot be determined what is the “normal” 
FT 4 for the individual patient. Patients with an intact pituitary 
and subclinical thyroid dysfunction have, by definition, ab¬ 
normal TSH values but FT 4 values within the reference 
range. Subclinical thyroid dysfunction is well known to have 
adverse effects on lipid metabolism, the cardiovascular sys¬ 
tem, and the skeleton (4). Patients treated for secondary hy¬ 
pothyroidism could thus potentially be exposed to adverse 
effects of inadequate or excessive thyroid hormone without 
the usual signal from an abnormal TSH. Thus, an alternative 
measure of thyroid status may be required for treating sec¬ 
ondary hypothyroidism. 

Literature review revealed eight potentially relevant 
studies. Only one of these was a RCT, and this was of short 
duration (85). Six studies were retrospective examinations of 
groups of patients with hypothyroidism (394-399), and an¬ 
other was a prospective study of patients with secondary 
hypothyroidism alone, with no comparison group (393). 
These studies show that there are changes in physiologic pa¬ 
rameters with dosage changes, but they were not specifically 
designed to address when a change in LT 4 dose should be 
made. In addition, there are no long-term studies comparing 
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different dosing of LT 4 , the resultant FT 4 concentrations, and 
the subsequent outcomes in patients with central hypothy¬ 
roidism. 

The RCT crossed patients over from the “empiric” LT 4 
dose that had been selected by their treating physician (mean 
1 /rg/kg/d) to a body weight-adjusted dose of 1.6 /tg/kg/d (85). 
The dose of 1.6 /rg/kg/d produced higher FT 4 levels that 
reached the upper part of the reference range, and it was as¬ 
sociated with lower body weight, lower BMI, lower choles¬ 
terol (total, LDL, and high-density lipoprotein [HDL]), fewer 
clinical signs of hypothyroidism based on the Zulewski score, 
and a lower creatine kinase value. However, no differences in 
well-being and cognitive function were observed. The pro¬ 
spective study examined biochemical parameters in patients at 
three time points: when they were considered euthyroid on 
LT 4 , after discontinuing LT 4 , and then after resumption of LT 4 
(393). The LT 4 dose used was the long-term treatment dose 
that had been selected by their prescribing physician. The 
mean dose was 1.5 /rg/kg, and this produced normal FT 4 and 
FT 3 values in most, but not all patients. Two out of 37 patients 
had low FT 4 and FT 3 levels, while 3 out of 37 patients had high 
FT 3 concentrations while taking this dose. LT 4 therapy was 
associated with significantly increased SFIBG levels, ACE 
concentrations, and markers of bone turnover. No assessments 
of quality of life were made. 

Some cross-sectional studies show that patients being 
treated for secondary hypothyroidism have lower FT 4 values 
than patients being treated for primary hypothyroidism. One 
study compared FT 4 values in patients being treated with LT 4 
for secondary hypothyroidism with values in patients being 
treated for primary hypothyroidism who had TSH values 
within the laboratory reference range (395). Approximately 
20% of those with secondary hypothyroidism had a FT 4 
values below the 10th percentile, compared with less than 3% 
of patients with primary hypothyroidism (395). A study from 
1999 found lower FT 4 levels in treated patients with sec¬ 
ondary hypothyroidism, compared with a group with primary 
hypothyroidism (398). Another study found that 1.6^g/kg 
LT 4 produced normal FT 4 values in 94% of patients, but 
normal FT 3 values in only 49% (394). The other retrospective 
studies show varying findings (396, 397). 

The RCT described demonstrated that FT 4 levels in the 
upper half of the reference range best reversed the clinical 
signs of hypothyroidism (85). A retrospective study also 
suggested that higher FT 4 values within the normal range had 
most benefit on lipid parameters and body composition (399). 
Other recommendations in the literature include keeping FT 4 
concentrations within the reference range (391), keeping FT 4 
levels in the middle of the laboratory reference range (392, 
393), and keeping the FT 4 levels in the same range as the FT 4 
levels seen in patients being treated for primary hypothy¬ 
roidism (395). 

Only one study of combination therapy has been conducted 
in a population of patients with hypopituitarism (85). This 
was the randomized controlled cross-over study already 
discussed. Lower creatine kinase and faster ankle reflex time 
were seen with the combination therapy, compared with pa¬ 
tients receiving LT 4 at a dose of 1.6 /rg/kg, but the free T 3 
levels were supraphysiologic during combination therapy. 
The Zulewski score and working memory test were improved 
during combination therapy, but only compared with the 
1.0 /rg/kg/d, not the higher 1.6 /tg/kg dose. Since there is in¬ 


sufficient evidence to recommend for combination therapy in 
patients with secondary hypothyroidism, no recommendation 
can be made regarding appropriate treatment goals. 

As a separate observation, growth hormone replacement 
may necessitate either initiation of LT 4 or an increase in the 
LT 4 dose in patients with hypopituitarism (400). It has been 
suggested that growth hormone may enhance peripheral con¬ 
version of T 4 to T 3 and also have a central inhibitory effect on 
TSH release. 

8b. Are clinical parameters useful for assessing 
adequacy of levothyroxine replacement 
in patients with secondary hypothyroidism? 

■ RECOMMENDATION 

Although it may be helpful to follow changes in clinical 
parameters in patients treated for secondary hypothyroid¬ 
ism, such parameters alone lack sensitivity and specificity. 
There is a limited amount of evidence suggesting that 
clinical parameters are helpful as a secondary means of 
judging adequacy of replacement with levothyroxine in 
patients with secondary hypothyroidism in whom bio¬ 
chemical assessment is limited to serum free thyroxine 
levels. 

Weak recommendation. Moderate quality evidence 

Discussion of the clinical literature 
Literature review revealed one potentially relevant study 
(85). This previously described RCT utilized a cross-over 
design with 29 patients either taking an “empiric” dose that 
had been selected by their treating physician (mean 1 /rg/kg/ 
d), a body weight-adjusted dose of 1.6 /rg/kg/d (85), or body 
weight adjusted combination therapy. This study examined 
body weight, BMI, ankle reflex time, Zulewski score, and 
neurocognitive testing to assess well-being and cognitive 
function on the three regimens. Both body weight-adjusted 
regimens were associated with higher FT 4 levels, lower body 
weight, lower BMI, lower cholesterol (total, LDL, and HDL), 
and fewer clinical signs of hypothyroidism based on the 
Zulewski score. The only component of the neurocognitive 
test that differed between regimens was improved working 
memory in patients taking combination therapy. Ankle reflex 
time was only normalized by the combination therapy. In 
summary, clinical parameters such as body weight, BMI, and 
clinical score of hypothyroidism appear to mirror an in¬ 
creased dose of LT 4 in a single small study. 

8c. Are tissue markers of thyroid hormone 
action helpful for management of levothyroxine 
replacement in patients with secondary 
hypothyroidism ? 

■ RECOMMENDATION 

In patients with secondary hypothyroidism in whom the 
only available biochemical thyroid parameters are thyroid 
hormone levels, tissue markers of thyroid hormone action 
may be used, in addition to thyroid hormone parameters, as 
an adjunctive means of judging the adequacy of le¬ 
vothyroxine replacement. 

Weak recommendation. Low-quality evidence. 
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Discussion of the clinical literature 
Literature review revealed two potentially relevant studies. 
One of these was the previously identified RCT (85). The 
other was a prospective study of 37 patients with secondary 
hypothyroidism undergoing reinstatement of their LT 4 ther¬ 
apy (393). In the latter study LT 4 therapy was associated with 
significantly increased concentrations of FT 4 , FT 3 , SHBG, 
ACE, soluble interleukin-2 receptors, carboxyl-terminal tel- 
opeptides of type I collagen, and bone GLA protein. There 
was a significant positive correlation with FT 3 concentration 
and the serum concentrations of soluble interleukin-2 re¬ 
ceptors, carboxyl-terminal telopeptides of type I collagen, 
and bone GLA protein. The authors suggested that soluble 
interleukin-2 receptor concentration would be a useful pa¬ 
rameter to monitor therapy because it was unaffected by 
concomitant therapy with growth hormone, sex steroids, and 
glucocorticoids. During the former randomized trial creatine 
kinase decreased in response to the higher thyroid hormone 
(TH) levels seen with the body weight-adjusted therapy. In 
summary, although raising TH levels in patients with sec¬ 
ondary hypothyroidism correlated with biochemical par¬ 
ameters, no long-term studies of the use of these parameters 
to adjust therapy are available. 

Patient Satisfaction with Levothyroxine Therapy 

9a. What tools may be useful in the clinical 
or research setting, to measure the impact 
of levothyroxine replacement for primary 
hypothyroidism on patients’ physical 
or psychological well-being, treatment 
satisfaction, or treatment preferences? 

■ RECOMMENDATION 

Of the established instruments used to measure hypothy¬ 
roid symptoms, data are lacking regarding their sensitivity 
and specificity in the “everyday” clinical setting to rec¬ 
ommend their routine clinical use. Further studies are 
needed to determine if and how to combine general psy¬ 
chological screening instruments, hypothyroidism-specific 
tools, and laboratory assessment of thyroid function to 
measure the impact of levothyroxine replacement ther¬ 
apy on psychological well-being, treatment satisfaction, 
and preference in clinical practice. A combination of 
general instruments, combined with hypothyroidism- 
specific tools, may be the most effective way to examine 
psychological well-being in the levothyroxine-treated 
population in the research setting. 

Strong recommendation. Moderate quality evidence. 

Discussion of the clinical literature 
Numerous organ systems are impacted by TH deficiency. 
Assessment of discrete end-organ responses to LT 4 replace¬ 
ment in patients with primary hypothyroidism has focused 
on cardiovascular, neuromuscular, and cognitive measures. 
Assays of lipid parameters are commonly employed in 
both clinical and research settings, whereas echocardiogra¬ 
phy, cardiopulmonary exercise testing, and pulse wave ve¬ 
locity measures are used primarily in research studies. 
Likewise, neuromuscular and cognitive testing is usually 
restricted to the research setting. Numerous instruments have 
been applied to assess perceived health status, well-being. 


quality of life, and symptoms in research studies of LT 4 
replacement, though not all have been validated and some 
are not well suited for studying the impact of LT 4 replace¬ 
ment, as reviewed by Razvi et al. (401). The Short-Form 36 
(SF-36) (402) and the Nottingham Health Profile (403) have 
each been used to examine perceived health status and may 
be compared to normative data in other clinical populations. 
The SF-36 may be more sensitive to differences in the hy¬ 
pothyroid population (401). The GHQ (404) and Hospital 
Anxiety and Depression Scale (405) are general tools that 
measure psychological well-being. 

Hypothyroidism-specific instruments have also been 
developed to measure health status [Chronic Thyroid 
Questionnaire (406)], quality of life [Underactive-Thyroid- 
Dependent Quality of Life Questionnaire (407,408) and 
ThyPro (409)], and symptoms [Billewicz index (66), Zulewski 
score (58), Thyroid Symptom Questionnaire (68), Colorado 
Health Fair Thyroid Disease Symptom Survey (49), and Un¬ 
deractive Thyroid Treatment Satisfaction Questionnaire 
(407,410)]. These instruments have not been directly com¬ 
pared, so that the superiority of a specific instrument has not 
been determined. However, of those listed, only the Thyroid 
Symptom Questionnaire has not been validated. A combina¬ 
tion of general instruments that can be compared to reference 
populations without thyroid disease and hypothyroidism- 
specific tools that are more sensitive to change may be the most 
effective way to examine psychological well-being in the LT 4 - 
treated population in the research setting. 

9b. What approach should be taken in patients 
treated for hypothyroidism who have normal 
serum thyrotropin values but still have 
unresolved symptoms? 

■ RECOMMENDATION 

A minority of patients with hypothyroidism, but normal 
serum thyrotropin values, may perceive a suboptimal 
health status of unclear etiology. Acknowledgment of the 
patients’ symptoms and evaluation for alternative causes is 
recommended in such cases. Future research into whether 
there are specific subgroups of the population being treated 
for hypothyroidism who might benefit from combination 
therapy should be encouraged. 

Weak recommendation. Low-quality evidence. 

Discussion of the clinical literature 
Two case-control studies have examined the question of 
residual hypothyroid symptoms in patients taking LT 4 . Sar- 
avanan et al. (68) conducted a case-control study in which 
397 euthyroid LT 4 users showed impaired psychological 
well-being and more thyroid symptoms compared to 551 age- 
and sex-matched controls. In this study, a survey was sent to 
both control patients not taking LT 4 and patients taking LT 4 
who were matched for age and sex. More euthyroid patients 
being treated for hypothyroidism (34 %) had impairment in 
their sense of psychological well-being (GHQ score >3) 
compared to controls (25%). Approximately 10% more hy¬ 
pothyroid patients were dissatisfied based on a thyroid 
symptom questionnaire. The differences remained signifi¬ 
cant even after adjustment for other medical conditions, 
which were generally more prevalent in the group receiving 
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treatment for hypothyroidism. This was not confirmed in a 
smaller, similarly designed case-control study from Eskeli- 
nen et al. (411). However, a third study also showed more 
fatigue in euthyroid patients than in euthyroid controls (412). 
A fourth study, in which subjects were recruited by letter and 
then subsequently took part in cognitive testing and com¬ 
pleted questionnaires assessing well-being, also showed 
lower scores in both these areas in the euthyroid patients 
taking LT 4 , but the comparison was with standard reference 
values, rather than a formal control group (413). The diffi¬ 
culty in interpreting these types of studies is that their find¬ 
ings are highly dependent on the health of the control group, 
the fact that recruitment methods may elicit a higher response 
rate from individuals who are dissatisfied, and the likelihood 
that patients with hypothyroidism are highly attuned to po¬ 
tential symptoms of hypothyroidism. 

Three studies have addressed the relationship between 
symptoms of hypothyroidism and serum TSH levels in LT 4 
users. A cross-sectional analysis of 697 patients taking LT 4 
showed a correlation between higher TSH levels and more 
hypothyroid symptoms, even within the subset of 470 pa¬ 
tients who were euthyroid (67). On the other hand, another 
cross-sectional study did not find a relationship between well¬ 
being and two categories of TSH values of less than and 
greater than 2mIU7L (413). Moreover, in a randomized, 
controlled cross-over trial by Walsh et al. (50) of three dif¬ 
ferent LT 4 doses that achieved TSH levels below the lower 
limit of the reference range, in the lower half of the reference 
range, and in the upper half of the reference range, there were 
no differences in symptoms or significant treatment prefer¬ 
ences. This study suggests that LT 4 users do not experience 
symptomatic benefit from lower serum TSH levels. 

It has been argued that the serum TSH level should not be 
the sole way to determine euthyroidism, and that clinical 
symptoms should be incorporated into the determination of 
the optimal LT 4 dose (414). In a study by Carr et al. (415), 
patients had symptomatic improvement on an LT 4 dose that 
was 50 pg/d higher than their optimal dose and resulted in 
low serum TSH levels. However, it should be noted that this 
was a nonrandomized, open-label study of short duration and 
therefore subject to participant bias. In summary, patients 
treated with LT 4 to euthyroid serum TSH goals may expe¬ 
rience more symptoms of hypothyroidism than people who 
do not have treated hypothyroidism. However, data from one 
randomized clinical trial show that increasing the LT 4 dose 
does not affect these symptoms. 

The question that these studies do not answer is why some 
patients with hypothyroidism have residual symptoms despite 
serum TSH levels that fall within the reference range. In¬ 
adequacy of LT 4 to resolve hypothyroid symptoms has been 
invoked to explain residual symptoms. However, other expla¬ 
nations should be considered. For example, there are studies 
suggesting that the presence of thyroid peroxidase antibodies 
per se, even in patients who have maintained endogenous eu¬ 
thyroidism, may be associated with more symptoms than are 
reported by euthyroid patients without thyroid autoimmunity. 
One study found more symptoms and lower quality of life in 
patients with elevated titers of TPOAb (416), whereas another 
study reported more depression (417). Simply being labeled as 
a patient with hypothyroidism could be associated with feeling 
unwell. In addition, it has been shown that individuals referred 
for thyroid testing by their primary care physicians had rates of 


psychological distress that were approximately twice as high as 
the general population under the care of a physician, with 54% 
versus 19% having GHQ scores > 3 (418). This was despite the 
fact that the rate of hypothyroidism in the referred patients was 
not higher than that in the general population. Thus, it is more 
likely that those with psychological distress will have SCH not 
only detected, but also treated, even if the psychological dis¬ 
tress is not causally related to SCH. Moreover, symptoms 
thought to indicate the presence of hypothyroidism, but not 
actually related to the hypothyroid state, will presumably not 
resolve with the application of LT 4 . 

Even though serum T 3 concentrations are typically not 
measured during an evaluation of hypothyroidism, if they are 
in fact measured, it is theoretically appealing from a physi¬ 
ological standpoint to attempt to normalize them, along with 
other biochemical parameters. A recent survey of practice 
patterns found that 22% of clinicians would measure serum 
T 3 levels when confronted by a biochemically euthyroid 
patient with persistent symptoms (419). No published studies 
have demonstrated that relatively low T 3 levels have negative 
consequences for patients with normal serum TSH values, so 
this is an, as yet, untested hypothesis. If symptomatic pa¬ 
tients, who are euthyroid based on their serum TSH values, 
also have relatively low serum T 3 levels during LT 4 therapy 
(39—43) in the absence of nonthyroidal illness, they could 
be considered for referral for future clinical trials of LT 3 - 
containing combination therapy (see discussion in recom¬ 
mendation 13 and Future Directions). As practicing clinicians, 
we are aware that T 3 therapy is being administered to selected 
patients under these circumstances. The previously mentioned 
survey of practice patterns found that 3.6% of physicians would 
prescribe LT 3 under such circumstances (419). A recent review 
discussed the addition of LT 3 to LT 4 therapy in persistently 
symptomatic patients with biochemical euthyroidism under 
carefully monitored conditions (420). A trial of ther¬ 

apy is mentioned in the 2012 ATA thyroid hormone treatment 
patient brochure. An individual trial of T 3 therapy to normalize 
the semm T 3 levels without driving serum TSH below the 
normal range is unsupported by data and therefore is an un¬ 
proven approach, but, following extensive discussion, some 
task force members thought it could be considered on an indi¬ 
vidual basis. This would be considered innovative therapy, 
which occurs when a practitioner uses a treatment in a way that 
deviates from commonly accepted practice. When such new 
treatments are used repeatedly, they should be made the object 
of formal research at an early stage, in order to determine 
whether the innovation is both safe and effective. When T 3 
therapy is used outside of a trial it is difficult to determine 
whether the therapy had the desired response in the individual 
patient and the patient’s uncontrolled experience does not 
contribute to determining the effectiveness of the therapy. 

Use of Levothyroxine in Euthyroid Individuals 

10a. Is there a role for the use of levothyroxine 
to treat biochemically euthyroid patients 
with symptoms that overlap with those 
of hypothyroidism? 

■ RECOMMENDATION 

We strongly recommend against the use of levothyroxine 

treatment in patients who have nonspecific symptoms and 
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normal biochemical indices of thyroid function because no 
role exists for use of levothyroxine in this situation. 

Strong recommendation. High-quality evidence. 

Discussion of the clinical literature 
In a randomized placebo controlled cross-over trial in 
patients with symptoms suggestive of hypothyroidism but 
biochemical euthyroidism, LT 4 was no more effective than 
placebo in improving cognitive and psychological well¬ 
being scores despite increases in serum FT 4 and decreases 
in serum TSH when study subjects were receiving LT 4 
(421). A study employing 12 months of TSH suppression 
therapy in euthyroid patients with thyroid nodules did not 
detect any changes in parameters such as weight, fat mass, 
waist circumference, and exercise performance compared 
with patients untreated with LT 4 , suggesting that LT 4 
also does not alter body composition or muscle function 
in euthyroid individuals (422). In part, the negative out¬ 
comes of these studies may be explained by the finding 
that symptoms do not always accurately predict hypothy¬ 
roidism. In one case-control study of patients identified 
through laboratory records, when patients with biochemi¬ 
cal hypothyroidism were compared with euthyroid indi¬ 
viduals, there did not seem to be specific symptoms that 
separated one group from another (57). The number of 
symptoms experienced by patients may be helpful in detecting 
hypothyroidism: hypothyroid patients had seven symptoms or 
more and were also more likely to have experienced a change 
in their symptoms (57). In another study, a symptom score 
correlated well with Achilles reflex time and cholesterol, but 
not TSH (58). Based on these data, there does not appear to 
be a substantiated role for the use of LT 4 therapy to treat 
symptoms in biochemically euthyroid patients with symptoms 
that overlap with those of hypothyroidism. Furthermore, there 
may be harm in treating euthyroid patients with LT 4 due to 
potential iatrogenic hyperthyroidism and potential deflection 
of attention away from any underlying nonthyroidal disorders, 
including somatization disorders. 

10b. Is there a role for the use of levothyroxine 
to treat euthyroid patients with depression? 

■ RECOMMENDATION 

We recommend against the routine use of levothyroxine 
for the treatment of euthyroid individuals with depression 
due to a paucity of controlled data examining treatment 
efficacy in this setting. 

Weak recommendation. Low-quality evidence. 

Discussion of the clinical literature 
Individuals referred for thyroid testing are frequently 
found to have symptoms of psychologic distress (418). 
However, there is no simple association between a diagnosis 
of hypothyroidism and depression. Most individuals with 
depression do not exhibit signs or symptoms of hypothy¬ 
roidism (423); similarly most individuals with hypothyroid¬ 
ism do not exhibit symptoms of depression (424). Although 
overall the incidence of hypothyroidism does not appear to be 
greater in those with depression, depression may be found 
more often in those previously diagnosed with hypothyroid¬ 


ism than in those newly diagnosed with hypothyroidism 
(424). When the thyroid function of depressed patients was 
compared with controls, those with depression had a slightly 
higher TSH (1.9 versus 1.5 mlU/L) (425). Overall, the asso¬ 
ciation between depression and thyroid dysfunction is rela¬ 
tively weak (424) and could potentially be due to the thyroid 
disease itself, unmasking of depression following treatment 
of thyroid dysfunction, or coping with a chronic medical 
illness. 

Depression is seen in some overtly hypothyroid patients 
(426) and usually resolves with treatment (427). On the other 
hand, depression is not more common in patients with SCH 
(428,429), and when it does co-exist with mild hypothy¬ 
roidism, LT 4 therapy does not improve it (430). 

To our knowledge, there are no controlled studies of 
LT 4 therapy in depression. Data from open-label studies 
using supraphysiologic doses of LT 4 (250-500 jUg/d) in 
bipolar disorders (431,432) and refractory depression 
(433) have yielded positive results. However, there are no 
randomized placebo controlled trials of LT 4 therapy for 
bipolar disorder or depression, with or without concom¬ 
itant antidepressant therapy. One randomized trial of 
TH potentiation of tricyclic antidepressant nonresponders 
compared 37.5 fig daily of LT 3 to 150 fig daily of LT 4 , 
and found greater responses to LT 3 compared to LT 4 , but 
the study had no placebo arm (434). See section 15a for a 
more detailed discussion on the use of LT 3 in euthyroid 
patients with depression. 

10c. Is there a role for the use of levothyroxine 
to treat euthyroid patients with obesity? 

■ RECOMMENDATION 

We recommend against the treatment of obesity with le¬ 
vothyroxine in euthyroid individuals due to a lack of 

treatment efficacy for this condition 

Strong recommendation. Moderate quality evidence. 

Discussion of the clinical literature 

Obesity rates are increasing in the United States 
(435,436), possibly contributed to by an abundant food 
supply and sedentary lifestyles. Cross-sectional studies 
have demonstrated increasing BMI or body weight asso¬ 
ciated with increasing TSH values (437-439), but auto¬ 
immunity itself may be linked with obesity (440), or 
obesity may be the trigger for changes in thyroid param¬ 
eters (441,442), rendering difficulty in assigning cause and 
effect. Moreover, increased TSH values seen in obese 
patients may revert to normal after weight loss (442). Al¬ 
though hypothyroidism is often perceived to be a cause of 
obesity by the public, most of the weight gain (and weight 
loss with therapy) in TH deficiency states is due to fluid 
retention. There is no significant loss of fat mass, even 
after therapy of severe hypothyroidism, despite increases 
in resting energy expenditure (443). Similarly, there are 
no significant changes in body weight after LT 4 treatment 
of SCH (84,444). Although THs have been used as a means 
to attempt to induce weight loss in the past [e.g., Rivlin 
(445)], negative nitrogen balance (446) and other delete¬ 
rious effects on the heart and bone (234-236) dictate 
against the use of TH to treat obesity. Furthermore, a 
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recent meta-analysis has shown that LT 4 is an ineffective 
treatment for obesity (447). 


lOd. Is there a role for the use of levothyroxine 
to treat euthyroid patients with urticaria? 

■ RECOMMENDATION 

We recommend against the treatment of urticaria with 
levothyroxine in euthyroid individuals due to a lack of 
treatment efficacy for this condition. 

Strong recommendation. Moderate quality evidence. 

Chronic urticaria is often seen in patients with under¬ 
lying AITD, especially Hashimoto’s thyroiditis. Approxi¬ 
mately 25% of patients with chronic idiopathic urticaria 
seem to have evidence of thyroid autoimmunity (448). 
Anecdotal reports have suggested that LT 4 therapy may be 
useful in the treatment of urticaria in euthyroid individuals 
with positive thyroid autoantibodies [e.g., Monge et al. 
(449)]. However, a retrospective study did not show any 
benefit of LT 4 treatment that restored euthyroidism in 
hypothyroid patients with AITD, compared to patients with 
urticaria without AITD, when the activity of the urticaria 
in both groups was monitored for 6 months (450). A small, 
randomized trial showed no improvement with LT 4 when 
taken with an antihistamine in euthyroid patients with 
AITD compared to an antihistamine alone (451). Other 
studies in the literature are generally underpowered and 
uncontrolled (448). 

10e. What is the recommended approach 
to treating factitious thyrotoxicosis? 

■ RECOMMENDATION 

Factitious thyrotoxicosis should be treated with discon¬ 
tinuation of the exogenous thyroid hormone with educa¬ 
tion and/or psychiatric consultation as appropriate. 

Strong recommendation. Low-quality evidence. 

Discussion of the clinical literature 
Factitious thyrotoxicosis (thyrotoxicosis factitia) has tra¬ 
ditionally been defined as a syndrome wherein patients sur¬ 
reptitiously ingest TH (452). It can be associated with 
Munchausen’s syndrome (in which physical symptoms and 
signs of illness are intentionally produced) and is also asso¬ 
ciated with neuroses related to poor body image and concerns 
about increased body weight. More recently, the term facti¬ 
tious thyrotoxicosis has been expanded (453) to include in¬ 
stances of accidental LT 4 ingestion, such as in pediatric 
poisoning or pharmacy error, or through intentional or un¬ 
intentional ingestion of supplements that contain thyroid 
gland extract (454). The treatment is the discontinuation of 
TH. In individuals with psychiatric disorders who are secretly 
taking TH, psychiatric consultation is warranted. Such a 
consult may not only provide relief for the underlying dis¬ 
order, but also serves to protect the patient from thyrotoxic- 
related events. Factitious thyrotoxicosis has not been studied 
in a systematic manner. A strong recommendation is made 
despite low-quality evidence because there are benefits, but 
few risks. 


Clinical Ethics Considerations in Levothyroxine 
Treatment 

11. What are the ethical obligations of clinicians 
in treating hypothyroidism? 

■ RECOMMENDATION 

Clinical ethical principles in levothyroxine treatment for 
hypothyroidism revolve around two core ethical principles 
in medicine: the Principles of Beneficence and Non- 
Maleficence, which guide the risk/benefit analysis in clini¬ 
cal practice, and protect clinicians from deviating from 
practice to satisfy inappropriate patient demands. Addi¬ 
tional ethical obligations revolve around the professional 
virtues of competence and intellectual honesty. 

Ungraded. 

Discussion of the clinical ethics literature 
Clinical ethics is a field of practice that refers to the 
“bedside” ethical issues and dilemmas that arise in the 
everyday delivery of patient care. Among the four core 
medical ethical principles introduced and codified in the 
1970s in most developed countries, the relevant ethical 
principle in the treatment of hypothyroidism is the Principle 
of Beneficence, which guides health care providers to 
maximize clinical benefits and minimize clinical harms; and 
the Principle of Non-Maleficence, the obligation to not in¬ 
tentionally introduce harms to patients or to not intention¬ 
ally initiate a therapy that is known to have no therapeutic 
benefit. The Principle of Non-Maleficence also directs 
practitioners to warn third parties of imminent harms, if the 
patient appears to be a threat to an identifiable third party or 
the public (455); this is also a legal standard, codified in 
health law doctrine. 

Offering patients formulations of THs or other prepara¬ 
tions that are known to be inferior to the standard of care, 
potentially futile, or even harmful contravenes the Princi¬ 
ples of Beneficence and Non-Maleficence. Failing to fulfill 
the Duty to Warn, for example, by notifying third parties or 
authorities when severely hypothyroid patients are driving 
and are known threats to public safety or even child safety 
(if driving children), is a violation of Non-Maleficence 
(455). 

Most practitioners are taught that patient autonomy means 
that they should cater to patient preferences. However, if 
patients are requesting inappropriate therapies, this is a 
misinterpretation. The Principle of Respect for Persons is a 
principle that dually guides practitioners to respect patient 
autonomy, but to also protect patients who do not have full 
decision-making capacity from pointless harm. Autonomy 
can only be enabled with valid informed consent, which 
comprises full disclosure and explanations of all procedures 
and treatments; decision-making capacity, which means that 
patients must demonstrate understanding, appreciation, ra¬ 
tionality, and expression of a choice; and voluntariness, in 
which there is no coercion. 

Goals of care should be guided by autonomous patients’ 
preferences, but there are limits to what practitioners may 
offer if patients are demanding therapies that are outside the 
standard of care or potentially harmful. In the context of 
hypothyroidism, patients may express a preference to feel 
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well and be restored to euthyroid levels, yet refuse synthetic 
LT 4 therapy because it is not “natural.” This stated pref¬ 
erence could indicate the patient does not understand and 
appreciate the pharmacologic properties of LT 4 , which can 
be explained as restoring natural physiologic function. In 
this common example, the patient’s preference can be un¬ 
derstood as a preference not to have drug side effects or be 
harmed. Respecting the patient’s preference, in this context, 
would be to ensure the patient has a truer understanding of 
hypothyroidism and LT 4 action; only when the patient un¬ 
derstands and appreciates that choosing thyroid extract 
therapy rather than LT 4 could expose them to certain risks 
such as elevated serum T 3 levels would this constitute in¬ 
formed refusal of standard therapy. If there is inability of 
autonomous patients to demonstrate understanding, appre¬ 
ciation, rationality, and expression of a choice, this indicates 
there is a barrier to decision-making capacity, and thus, 
valid informed consent cannot be claimed. Several articles 
provide more information about informed consent, deci¬ 
sion-making capacity, and surrogacy in the thyroidology 
context (456,457). 

Beneficent care thus recognizes there are limits to patient 
autonomy when patients or their surrogates request sub¬ 
standard, unsound, or untested medical procedures or ther¬ 
apies that could be either futile or harmful. It should be 
recognized that while autonomous patients may accept or 
refuse therapies, they should not be abandoned to “auto¬ 
nomy” when they seek therapies that violate beneficent 
care (458-460) by being provided with inappropriate care 
because they request it. When Beneficence and Non- 
Maleficence are violated, there may be legal consequences 
and licensure revocation because these ethical violations 
constitute medical negligence. Two recent judgments in 
high-profile medical negligence cases (461,462) involved 
practitioners acceding to patients’ demands for unsound 
medical therapies. In these cases, the physicians abandoned 
primary obligations to beneficence and non-maleficence, 
and treated the patients as their customers. In one judgment, 
the practitioner was stripped of his medical license 
(461,463); in the other, he was convicted of involuntary 
manslaughter for iatrogenic harms caused by a therapy the 
patient demanded (462). 

All medical practitioners have professional ethical duties 
to be competent in their fields of practice, which includes 
intellectual honesty (464,465) and referring patients to other 
colleagues in areas in which knowledge is insufficient. 
Practitioners who state they are experts in treating hypothy¬ 
roidism when they have no demonstrable accredited training 
or board certification (e.g., “integrated medicine”) violate 
professional ethical standards of practice because it overtly 
deceives patients. Additionally, competently trained medical 
experts who misuse their medical knowledge to personally 
profit, deceive patients, or purvey nonstandard, risky inno¬ 
vative therapies in hypothyroidism are violating basic stan¬ 
dards of care. 

Finally, there are special ethical considerations for prenatal 
and pediatric contexts. For more information about these 
special populations, as well as the full range of clinical and 
professional ethical considerations relevant in thyroidology, 
we refer clinicians to the Clinical and Professional Ethics 
Guidelines published by the ATA Ethics Advisory Com¬ 
mittee (456) and a recent review article (457). 


SECTION II. THERAPIES OTHER THAN 
LEVOTHYROXINE ALONE 
Thyroid Extracts 

12. In adults requiring thyroid hormone 
replacement treatment for primary hypothyroidism, 
is treatment with thyroid extracts superior 
to treatment with levothyroxine alone? 

■ RECOMMENDATION 

We recommend that levothyroxine be considered as rou¬ 
tine care for patients with primary hypothyroidism, in 
preference to use of thyroid extracts. Although there is 
preliminary evidence from a short-duration study that 
some patients may prefer treatment using thyroid extracts, 
high-quality controlled long-term outcome data are lack¬ 
ing to document superiority of this treatment compared to 
levothyroxine therapy. Furthermore, there are potential 
safety concerns related to the use of thyroid extracts, such 
as the presence of supraphysiologic serum triiodothyro¬ 
nine levels and a paucity of long-term safety outcome data. 
Strong recommendation. Moderate quality evidence. 

Mechanistic background 

The thyroid gland secretes a variety of iodinated and 
noniodinated molecules that collectively play important roles 
during prenatal and adult lives. Understanding what these 
molecules are and what they do informs our understanding of 
the therapy for hypothyroidism. The main noniodinated 
molecule secreted by the thyroid is calcitonin, an endogenous 
hormone with probable effects on calcium and bone metabo¬ 
lism. The other iodine-containing molecules include T 4 , T 3 , 
rT 3 , 3,3'-diiodothyronine, 3,5-diiodothyronine (3,5-T 2 ), mono- 
iodothyronine, and their decarboxylated forms known as 
thyronamines. 

While the traditional view has been that T 3 is important as 
the main iodothyronine with significant binding to nuclear 
TRs at physiological concentrations, and T 4 is important as a 
precursor ofT 3 (466), the use of desiccated thyroid extracts 
for therapy of hypothyroidism is based on the hypothesis that 
other molecules present in the thyroid gland may have im¬ 
portant effects. A growing number of in vitro studies have 
indicated that administration of pharmacologic doses of 3,5- 
T 2 has metabolic effects, possibly mediated via nongenomic 
mechanisms (467^169). Note that the mechanism by which 
3,5-T 2 is generated in humans is unclear; furthermore, the 
circulating levels of3,5-T 2 is two orders of magnitude lower 
than T 3 (470,471). Finally, thyronamines have been shown to 
interact with the G-protein coupled receptor transcript an¬ 
tisense to ribosomal RNA (TAR1), with 3-iodothyronamine 
being the most potent agonist. In pharmacologic doses, 
3-iodothyronamine triggers diverse effects such as hypo¬ 
thermia, behavioral inactivity, bradycardia, and decreased 
cardiac output. Metabolic effects such as a shift from car¬ 
bohydrate to fat metabolism and stimulation of food intake 
have also been described (472). 

In summary, current evidence supports the classical view 
that T 3 and T 4 are the only biologically important secreted 
products of the thyroid; none of the alternate signaling 
molecules have been definitely shown to have physiologic 
relevance in humans at endogenous concentrations. It is not 
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known whether oral use of thyroid extracts would provide any 
of these “alternate" components to patients, since studies of 
their retention during product preparation, their absorption 
into the blood from the gastrointestinal tract, and subsequent 
concentrations achieved have not been published. The 
available literature does suggest that pharmacologic ad¬ 
ministration of 3,5-T 2 and iodothyronamines could have 
metabolic effects. 

Discussion of the clinical literature 

Desiccated thyroid or thyroid extract refers to prepara¬ 
tions that are derived from the thyroid gland of animals. 
These preparations were the primary therapy for hypothy¬ 
roidism until the advent of synthetic T 4 preparations in the 
1960s. All commercially available prescription desiccated 
preparations are derived from pigs. As per the United States 
Pharmacopeia (USP), desiccated thyroid is “the cleaned, 
dried, and powdered thyroid gland previously deprived of 
connective tissue and fat. It is obtained from domesticated 
animals that are used for food by humans.” Tablets are 
measured for T 4 and T 3 content and are formulated into 
doses expressed as “grains” with 1 grain (65 mg) tablets 
containing 38 pg of T 4 ; 9 pg of T 3 ; protein-bound iodine; 
and unmeasured quantities of diiodothyronine, mono- 
iodothyronine, and calcitonin, to which inactive ingredients 
are added for tablet stability. Varying strengths from frac¬ 
tions to multiples of a grain are commercially available. One 
process used to achieve specific dosage strengths is to mix 
different batches of the product during manufacture. The 
bioavailability of the T 4 and T 3 components has been shown 
to be the same between desiccated thyroid and synthetic 
preparations (473). 

There are two main clinical concerns with the use of des¬ 
iccated thyroid preparations, both of which center on their T 3 
component. The ratio of T 4 to T 3 in desiccated thyroid 
preparations is 4.2:1, which is significantly lower than the 
14:1 ratio of secretion by the human thyroid gland. This 
relative excess of T 3 leads to supraphysiologic levels of T 3 
(474-477). In addition, due to the shorter half-life of T 3 , 
fluctuations of T 3 occur over the course of the day, with peak 
levels shortly after dosing (475,477). Thus, there is concern 
for thyrotoxicosis if thyroid extract therapy is not adjusted 
according to the serum TSH. One nonrandomized cross-over 
study documented a larger number of hyperthyroid symp¬ 
toms when individuals were taking desiccated thyroid prep¬ 


arations compared with levothyroxine preparations, which 
was attributed to T 3 effects (474).There are claims from 
proponents of each type of therapy regarding the superiority 
of their preparation (478,479). However, there is only one 
randomized clinical trial comparing desiccated thyroid to 
LT 4 in the therapy of hypothyroidism (480) (see Table 6). 
Although this cross-over study did suggest that in selected 
individuals there was patient preference for the extract and 
minimal weight loss associated with its use, the study, which 
was designed as a superiority trial, and powered for quality of 
life endpoints, not safety endpoints, was essentially a nega¬ 
tive study in that improved quality of life was not also seen 
over the 16 weeks of treatment. 

It is worth noting that when evaluating health outcomes, 
measures such as quality of life and mortality are clearly 
health outcomes (481,482). However, demonstration of pa¬ 
tient preference without use of a validated questionnaire may 
not truly be a health outcome and traditionally has not been 
considered to be a health outcome (482). In addition, the 
preference outcome may need to be interpreted in the context 
of another validated health outcome, such as quality of life. 
There was also no routine documentation of the daily ex¬ 
cursion in T 3 concentration that was associated with thyroid 
extract use (only two patients had serum T 3 levels measured 
on one occasion 3 hours after taking the thyroid extract) 
(480), thus not providing data to counter the older studies 
(474-477) showing hypertriiodothyroninemia 2-5 hours af¬ 
ter thyroid extract use. The clinical consequences of such 
serum T 3 excursions are unknown. These high T 3 levels may 
be of particular concern in patients receiving suppressive 
therapy for thyroid cancer using a thyroid extract. 

There are no published controlled long-term outcome trials 
of the use of desiccated thyroid extract. Furthermore, data from 
studies of combinations of LT 4 and LT 3 therapy (as reviewed 
in recommendation 13b) do not suggest additional benefit from 
the addition of LT 3 to LT 4 replacement therapy. However, the 
long-term therapeutic efficacy of the T 4 :T 3 ratio found in 
porcine desiccated thyroid and of the remaining components of 
porcine thyroids found in these tablets has not been assessed, 
leaving the direct benefits and risks of desiccated thyroid 
therapy untested. Moreover, use of thyroid extract should not 
be contemplated during pregnancy. Delivery of T 4 is thought 
to be crucial for the developing fetal brain (483) and using a 
TH preparation in which the T 4 concentration may be lower 
than that in LT 4 could be deleterious. 


Table 6. Characteristics of the Randomized Controlled Trial Comparing Health and Psychological Effects 
in Hypothyroid Patients Treated with Thyroid Extract (Containing T 4 and T 3 ) Compared to LT 4 Alone 


Reference 

Treatment 
dosing a 

Etiology primary 
hypothyroidism 

Design 

No. of patients 
randomized 
(completed 
follow-up) 

Treatment 

duration 

End of study 
TSH differences 
between groups 

480 

T 4 : usual 

Mixed: autoimmune, 

Randomized, 

78 (70) 

16 weeks 

Thyroid 


Thyroid extract: 1 mg post-RAI, 

double blind 



extract > LT 4 


extract for each 

thyroid surgery, 

cross-over study 





1.667 pg usual T 4 

post-EBRT, 






Dosing: once daily 

no thyroid cancer 






“Starting treatment doses are shown (prior to adjustments within trials according to thyroid function tests). 
EBRT, external beam radiation therapy; RAI, radioactive iodine. 
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Synthetic Combination Therapy and the Rationale 
for Its Use 

13a. Do genetic variants in thyroid hormone 
pathway genes (deiodinases or thyroid hormone 
transporters) affect the serum or tissue levels 
of thyroid hormones in healthy euthyroid 
individuals or hypothyroid patients taking 
replacement therapy? 

■ Summary statement 

Specific polymorphisms in the deiodinases are consis¬ 
tently associated with very small changes in serum 
thyroid hormone levels. Insufficient data exist to draw 
any conclusion about the clinically relevant effects of 
deiodinase or transporter polymorphisms on tissue 
thyroid hormone levels. 

Mechanistic background 

Twin and family studies have shown that between 26% and 
65% of the variation in serum thyroid function tests is due to 
genetic factors (484,485). Genetic variants can be divided 
into two broad classes, based on their frequency and their 
functional effects on the target gene. Polymorphisms are 
common genetic variants that occur frequently in the popu¬ 
lation and generally have only very modest effects on gene 
function. In contrast, mutations are rare genetic variants with 
major effects on gene function leading to monogenic disor¬ 
ders such as RTHcl, RTHjl (see section 7c and section 24), or 
the Allan-Hemdon-Dudley syndrome due to mutations in the 
TH transporter MCT8 (486). While no patients have been 
identified with functionally important deiodinase mutations, 
seven patients with mutations in SECISBP2, a gene critical 
for the synthesis of selenocysteine containing proteins in¬ 
cluding the deiodinases, have been identified. Affected indi¬ 
viduals have a mild phenotype but do exhibit decreased 
serum T 3 levels (487). 

Candidate gene studies have been widely used to study 
associations of polymorphisms in TH pathway genes with 
thyroid function tests. Such studies are straightforward to 
perform, and can be powered to detect small effects of spe¬ 
cific alleles. Care must be taken to avoid false-positive results 
arising from small sample size, lack of replication in an in¬ 
dependent cohort, lack of standardized phenotyping and 
genotyping, and population stratification when insufficient 
care has been paid to matching cases and controls (488). 
Alternatively, genome-wide association studies (GWAS) can 
be performed with genotyping of large numbers of poly¬ 
morphisms across the genome rather than focusing on a 
single candidate gene. GWAS studies require much larger 
sample sizes than candidate gene studies in order to have 
adequate statistical power. 

In recent years, it has been demonstrated that certain 
polymorphisms are consistently associated with serum TSH 
and iodothyronine levels. A recent large meta-analysis of 
GWAS for serum levels of TSH and FT 4 in up to 26,420 and 
17,520 euthyroid subjects, respectively, identified 26 inde¬ 
pendent associations. Some were in loci that had previously 
been identified in candidate gene analyses, but many novel 
loci that were significantly associated with TSH and FT 4 were 
identified as well (489). Together, these genetic markers 
explain 5.64% of the trait variation in TSH, and 2.30% of the 


variation in FT 4 , suggesting that many other genetic markers 
remain to be identified. 

Evaluating whether mutations or polymorphisms are im¬ 
portant for a protein’s function can be done in cells or with 
mouse studies in which the altered gene is knocked into the 
germline of the animal. Such studies may be limited because 
of the possibility of cell-specific or species-specific effects, 
and also because proteins may have functions unknown to the 
investigators that are therefore overlooked. The effects on 
protein function have not been established for most of the 
polymorphisms associated with TSH and FT 4 , not even for the 
most consistent single nucleotide polymorphisms (SNPs) in 
the type D1 gene (DIO I ) (489,490). 

Similarly, in vitro studies have as yet failed to reveal any 
consistent functional effect of the widely studied D2 gene 
(DI02) polymorphism (rs225014) that results in a Thr92Ala 
substitution in the enzyme (491). The polymorphism is lo¬ 
cated in an instability loop of the protein and about 9%— 
16% of the population is homozygous for the substitution 
(492). The D2 Thr92Ala variant is associated with de¬ 
creased D2 enzyme velocity in skeletal muscle and thyroid 
tissue samples of patients with type 2 diabetes mellitus 
who were homozygous for the variant (493). In contrast, 
cells transiently expressing the Thr92Alaform ofD2 display 
similar kinetic properties with either T 4 or rT 3 as substrate 
as compared to controls (493,494). This being the case, the 
clinical associations with this polymorphism may result 
from an unstudied function of the polymorphism or from 
linkage disequilibrium with another unidentified locus in 
the genome. 

On the other hand, another D2 polymorphism with re¬ 
ported clinical associations, the DI02-258A/G (rsl2885300) 
was associated with an increased ratio of TyT^, consistent 
with an increase in deiodinase activity (495). In vitro studies 
suggest that this polymorphism may cause an increase in 
D2 expression (496). Pharmacogenomic studies designed to 
interrogate the role of the DI02-Thr92Ala (497) and the 
DI02-258A/G (498) polymorphisms on the hypothalamic- 
pituitary-thyroid axis indicate that these polymorphisms have 
distinct, small, but significant modulatory effects on the TSH 
secretion and on the pattern of TH secretion. Homozygous 
subjects showed a delayed rise in serum T 3 (497) and a 
blunted rise in FT 4 and normal T 3 release (498), respectively, 
indicating subtle alterations in intrathyroidal conversion of 
T 4 into T 3 , with opposite effects on the T 3 product, associated 
with these two polymorphisms. 

The D1 polymorphisms DI01-C785T (rsll206244) and 
DI01-A1814G (rsl2095080) appear to be associated with 
decreased and increased activity ofDl, respectively, possibly 
by altering mRNA stability or folding (499). It should be 
noted that data are lacking as to whether polymorphisms in 
TH pathway genes, including the deiodinases and trans¬ 
membrane transporters, are also associated with differences 
in tissue T 3 levels. In the case ofD2, which is critical for local 
T 3 generation, studies in rodents with inactivating D2 mu¬ 
tations have shown T 3 deficiency in D2-dependent tissues 
such as the brain (339-341). Thus, the possible effects of 
genetic variants in D2 on tissue T 3 levels in human subjects 
should be a subject of future research. 

Similarly, effects of polymorphisms in TH transporters on 
transport function and thus tissue T 3 levels have not been 
reported. The possibility that a genetic transport abnormality 
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caused by a polymorphism could be physiologically relevant 
seems possible based on the observation that inactivating 
mutations ofMCT8 in hemizygous males have been found to 
cause severe psychomotor retardation, known as the Allan- 
Hemdon-Dudley syndrome. These individuals have periph¬ 
eral hypermetabolism and abnormal serum thyroid levels 
with elevated serum T 3 , low serum T 4 , and slightly high TSH 
(486,500,501). 

Discussion of the clinical literature 

A number of studies have looked for associations between 
deiodinase polymorphisms and differences in circulating TH 
levels. While some polymorphisms are associated with sta¬ 
tistically significant differences across genotypes, these dif¬ 
ferences are very small, such that T 3 , T 4 , and rT 3 remain in 
their respective normal ranges (489,495,502,503). For ex¬ 
ample, the DI01-C785T polymorphism has been associated 
with a small decrease in serum T 3 , trending from 131.8 ng/dL 
(CC) to 127.7 ng/dL (TT) (502). The C allele of the DIOl 
polymorphism rs2235544 has, on the other hand, been as¬ 
sociated with an increase in the FT 3 concentration in both 
LT 4 treated and nontreated individuals in a meta-analysis 
(504) and the D1-A1814G allele is associated with a higher 
T 3 /rT 3 ratio (494). The best-studied polymorphism in DI02 
(DI02- Thr92Ala) is, in fact, not associated with any change 
in circulating TH levels (502), while another DI02 poly¬ 
morphism DI02-258A/G (D2-ORFa-Gly3Asp) was associ¬ 
ated with lower serum T 4 and FT 4 levels and an increased T 3 / 
T 4 ratio, but was not associated with serum T 3 levels (495). 

A few studies have investigated whether genetic variants 
in the TH pathway genes (i.e., the deiodinases) are associated 
with altered function of the thyroid axis in human patients 
taking LT 4 monotherapy. For example, when present as the 
homozygous Ala/Ala form, the Thr92Ala polymorphism has 
been associated with a higher requirement for LT 4 in order to 
achieve near-suppression of serum TSH in patients who have 
undergone total thyroidectomy (224). However, a subsequent 
study found no effect of the Thr92Ala D2 polymorphism on 
the LT 4 dose needed to achieve TSH suppression in thyroid 
cancer patients or TSH normalization in patients with 
Hashimoto’s hypothyroidism (222). The relationship between 
FT 4 and TSH in patients appears to be affected by their DI02- 
258A/G (DI02-0RFa-Gly3Asp) polymorphism status. The 
negative feedback of FT 4 on TSH is weaker in homozy¬ 
gous patients being treated with LT 4 (505). Given this lim¬ 
ited amount of data, it remains to be proven that these D2 
polymorphisms have a clinically important effect on TH 
economy. 

A large number of studies have looked for associations 
between genetic variants in the TH pathway genes and other 
clinical syndromes. For example, a recent GW AS identified 
22 polymorphisms that were associated with serum TSH, four 
of which were also significantly associated with the risk of 
thyroid cancer (506). Most studies however, have focused on 
the role of the DI02-Thr92Ala D2 polymorphism, which 
was initially identified as being clinically relevant in a study 
associating it with insulin resistance and increased BMI 
(491). Subsequently, this polymorphism has been associated 
with various phenotypes including mental retardation (507), 
hypertension (508), osteoarthritis (509), accelerated bone 
turnover (510), and response to lung injury (511), although 


subsequent studies could not confirm the associations with 
hypertension (512). Ultimately, understanding the connec¬ 
tions between the deiodinase polymorphisms and these other 
entities will depend upon the discovery of an enzyme prop¬ 
erty affected by the polymorphism, or an effect on tissue 
levels of T 3 conveyed by these polymorphisms, or linkage to 
another critical genetic locus or loci. 

MCT8 has also been studied to determine whether there is 
any impact of polymorphisms on serum TH parameters. 
Results from these studies are mixed with associations be¬ 
tween SNPs and FT 4 and FT 3 shown in one study (513), but 
not in others (30). 

13b. In adults requiring thyroid hormone 
replacement treatment for primary hypothyroidism, 
is combination treatment including levothyroxine 
and liothyronine superior to the use 
of levothyroxine alone? 

■ RECOMMENDATION 

There is no consistently strong evidence of superiority of 
combination therapy over monotherapy with levothyrox¬ 
ine. Therefore, we recommend against the routine use of 
combination treatment with levothyroxine and liothy¬ 
ronine as a form of thyroid replacement therapy in patients 
with primary hypothyroidism, based on conflicting results 
of benefits from randomized controlled trials comparing 
this therapy to levothyroxine therapy alone and a paucity 
of long-term outcome data. 

Weak recommendation. Moderate quality evidence. 
13c. In adults requiring thyroid hormone 
replacement treatment for primary hypothyroidism 
who feel unwell while taking levothyroxine, 
is combination treatment including levothyroxine 
and liothyronine superior to the use 
of levothyroxine alone? 

■ RECOMMENDATION 

For patients with primary hypothyroidism who feel unwell 
on levothyroxine therapy alone (in the absence of an al¬ 
lergy to levothyroxine constituents or an abnormal serum 
thyrotopin), there is currently insufficient evidence to 
support the routine use of a trial of a combination of le¬ 
vothyroxine and liothyronine therapy outside a formal 
clinical trial or/V-of-1 trial, due to uncertainty in long-term 
risk benefit ratio of the treatment and uncertainty as to the 
optimal definition of a successful trial to guide clinical 
decision-making. Additional research targeting those with 
relatively low serum triiodothyronine concentrations, but 
normal thyrotropin levels during monotherapy is needed to 
address whether there is a subgroup of patients who might 
benefit from combination therapy. 

Insufficient evidence 

Mechanistic background 

A fundamental characteristic of D2 is that its enzymatic 
activity is tightly coupled to plasma T 4 levels by the ubiquitin- 
proteasomal system (358). As circulating T 4 falls in hypo¬ 
thyroid subjects, the fractional conversion rate of T 4 -to-T 3 
increases (514). In hypothyroid rodents, this increase occurs 
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via a PTU-insensitive pathway (515) (i.e., D2). The flux ofT 4 
through the D2 activation pathway increases due to in¬ 
creased enzyme activity, such that serum T t levels remain 
normal, at least until the fall in serum T 4 is substantial. In D2- 
expressing tissues such as the brain, much of the intracellular 
T 3 is generated from circulating T 4 (340,516); thus, these 
tissues are particularly protected from mild T 4 deficiency. 
The existence of the D2 pathway for conversion ofT 4 to T 3 , 
and the homeostatic function of D2 for maintenance of in¬ 
tracellular T 3 in the face of mild T 4 deficiency, explain why 
LT 4 monotherapy can be so effective in the treatment of hy¬ 
pothyroidism. Treatment with PTU in patients reliant on LT 4 
therapy reduces their serum T 3 levels significantly by about 
20 ng/dL. Presumably this reduction is due to inhibition of the 
PTU-susceptible Dl, illustrating both that D1 contributes in 
part to maintenance of serum T 3 and that D2 contributes 
importantly to maintenance of serum T 3 levels (19). 

At the same time, data indicate that a small but significant 
proportion of thyroidectomized patients on LT 4 monotherapy 
have low circulating T 3 in spite of normal range TSH and 
high-normal serum T 4 (39—43). It is possible that in these 
subjects, the D2 pathway does not fully compensate for the 
absence of the thyroidal T 3 production; the significance of the 
low serum T 3 levels in these patients is discussed in section 
7a and 7b. Note that even D2-expressing tissues would be 
expected to be relatively T 3 deficient since D2 is not up- 
regulated significantly by decreases in serum T 3 . The serum 
TSH remains in the normal range likely because the de¬ 
creased serum T 3 is counterbalanced by the increased serum 
T 4 . If this concept is correct, the question then becomes how 
to simultaneously normalize the concentration of T 3 in all 
tissues? Increasing LT 4 dose would raise serum T 3 , thus 
raising tissue T 3 content in all tissues, but at the cost of 
lowering serum TSH, and at the theoretical risk of inducing 
mild hyperthyroidism in D2-expressing tissues. Hypotheti¬ 
cally, replacing some of the administered LT 4 dose with LT 3 
could help normalize tissue T 3 without necessarily lowering 
serum TSH. Data supporting the concept that combination 
therapy can be effective in normalizing tissue T 3 across all 
tissues are available from rodent studies (361), but corre¬ 
sponding data in humans are not available. Animal stud¬ 
ies have shown that some tissues are relatively T 3 -deficient 
during LT 4 infusions (338,361). However the cerebral 
cortex was an exception, as in this tissue T 3 homeostasis 
was maintained over a wide range ofT 4 infusions (338). 
An infusion of a combination of LT 4 and LT 3 allowed for 
normalization of serum TSH and levels ofT 4 and T 3 in all 
tissues tested (361). 

Discussion of the clinical literature 

In order to evaluate whether the combination of LT 4 with 
LT 3 , also referred to as combination therapy, was clinically 
superior to LT 4 alone, in TH replacement of adults with 
primary hypothyroidism, we reviewed the results of 13 
original RCTs (384-388,517-524), as well as four systematic 
reviews or meta-analyses of selected RCTs (389,525-527). 
The reason for reviewing all original studies, rather than only 
the published reviews or meta-analyses, was that some trials 
were published after these reviews or meta-analyses were 
conducted. We did not include a randomized trial published 
by Smith et al. (528) in 1970, since the dosages of LT 4 that 
were used were higher than those typically used in current 


clinical practice and the study predated utilization of TSH 
measurements, both of which may have contributed to TH 
overreplacement in the study. We did not include a controlled 
cross-over design trial from Regalbuto et al. (529), given that 
there was no evidence of randomization of patients reported 
in the methods section of the article. 

The characteristics of the included original trials are de¬ 
scribed in Table 7. The studies included a variety of LTVLT 3 
dose combinations, administered either once or twice a day, 
and the duration of treatments ranged from 5 weeks to 1 year, 
with the majority of studies being 6 months or shorter in 
treatment duration (Table 7). The majority of patients in most 
studies had primary autoimmune hypothyroidism, but some 
studies included patients who had thyroid surgery or radio¬ 
active iodine treatment (Table 7). Females accounted for the 
vast majority of participants studied in all of the studies (80% 
or more of the study population in respective trials) (384- 

388.517- 524). Some trials provided information regarding 
pretrial screening for relevant symptoms such as depression 
and fatigue using validated questionnaires (404,530-533) 
and described inclusion/exclusion criteria based on these 
symptoms (Table 8). All included trials had some level of 
blinding, except for one study focusing on laboratory pa¬ 
rameter outcomes by Fadayev et al. (520). Of the 13 included 
trials comparing the effect of combination LT 4 /LT 3 treatment 
to LT 4 alone, seven had a cross-over design (384,385,387, 
517,519,521,523), and the rest had a parallel design 
(386,388,518,520,522,524). The impact of combination LTV 
LT 3 treatment on serum TSH levels measured at study com¬ 
pletion was as follows: (i) no significant difference compared 
to LT 4 therapy alone—eight studies (384,387,388,517,518, 
520,521,524); (ii) significantly higher TSH measurement in 
the combination therapy group compared to the LT 4 group— 
three studies (385,519,522); or (iii) significantly lower TSH 
measurement in the combination therapy group compared to 
LT 4 alone—two studies (386,523), including one study in 
which the serum TSH in the highest dose combination group 
(5:1 ratio of LT 4 to LT 3 ), was suppressed to 0.07mIU/L 
(386). 

Among the 12 trials examining health-related quality of 
life or mood (384-388,517-519,521-524), there was marked 
unexplained clinical heterogeneity of LT 4 /LT 3 treatment ef¬ 
fects, categorized as follows: (i) marked superiority of 
combination treatment on multiple measures—two trials 
(387,521), (ii) superiority of combination treatment on a 
minority of measurements—two trials, with one trial from 
Saravanan et al. (522) reporting some improvements in mood 
at 3 months but not 12 months, and another trial from Vali- 
zadeh et al. (524) reporting improvement of an insomnia/ 
anxiety subscale with other measures not significantly dif¬ 
ferent; or (iii) no statistically significant superiority of 
combination treatment over LT 4 treatment—eight trials (384— 

386.388.517— 519,523). It is important to note that it was not 
uncommon for psychological or quality of life measurements 
to improve in both treatment groups, suggesting an important 
placebo effect. Among the 10 trials reporting measures of 
neurocognitive functioning or behavior, there was marked 
unexplained clinical heterogeneity of LTVLT 3 treatment ef¬ 
fect, with the results summarized as follows: (i) marked su¬ 
periority of combination treatment on multiple measures—one 
trial by Bunevicius et al. (387), (ii) superiority of combination 
treatment on a minority of measurements—one trial by 
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Table 7. Characteristics of Randomized Controlled Trials Comparing Health 
and Psychological Effects in Hypothyroid Patients Treated with Synthetic 
Combination LT4/LT3 Therapy Compared to LT 4 Alone 


Reference 

Treatment 
dosing a 

Etiology primary 
hypothyroidism 

Design 

No. of patients 
randomized 
(completed 
follow-up) 

Treatment 

duration 

End of study 
TSH differences 
between groups 


386 

T 4 : usual dose 
LHVLTs: 10:1 or 

5:1 ratio of 

T 4 to T 3 ratio, 
respectively 
Dosing: twice daily 

Autoimmune 

Parallel, 

blinded 

141 (130) 

15 weeks 

lt 4 /lt 3 <lt 4 

(TSH 

significantly 
lower only 
in the 5:1 

lt 4 /lt 3 

dose group) 

387 

T 4 : usual 

LT 4 /LT 3 : usual 

T 4 dose minus 

50 fig/d with 

T 3 12.5 pg/d 
Dosing: once daily 

Mixed: autoimmune, 
thyroid cancer 

Cross-over, 

blinded 

35 (33) 

5 weeks 

NS 

517 

T 4 : usual 

LT 4 /LT 3 : usual 

T 4 dose minus 

50 pg/d with 

T 3 10/ig/d 

Dosing: once daily 

All Graves’ disease, 
history of subtotal 
thyroidectomy 

Cross-over, 

blinded 

13 (10) 

5 weeks 

NS 

518 

T 4 : usual 

LT 4 /LT 3 : usual 

T 4 dose minus 

50 pg/d with T 3 
15/ig/d 

Dosing: twice daily 

Mixed: autoimmune, 
post-RAI, thyroid 
surgery, post- 
EBRT, 1 patient 
thyroid cancer 

Parallel, 

blinded 

46 (44) 

4 months 

NS 

519 

T 4 : 100 pg/d 
LT4/LT 3 : LT 4 

75 /ig/d and 

T 3 5 pg/d 

Dosing: once daily 

autoimmune,! 

post-RAI 

Cross-over, 

blinded 

ffimm 

8 weeks 

lt 4 /lt 3 >lt 4 

520 

T 4 : 1.6 pgfkg/d 
LT^T^ estimated 
T 4 dose minus 

25 ^g/d 

with T 3 12.5 fig/d 
Dosing: once daily b 

Untreated overt 
hypothyroidism, 
etiology 
not reported 

Parallel, 

unblinded 

36 (36) 

6 months 

NS 

521 

T 4 : usual 

LT 4 /LT 3 : usual 

T 4 dose minus 

50 pg/d with 

T 3 20 or 50 pg/d, 
respectively 
Dosing: once daily 

Autoimmune 

Cross-over, 

blinded 

68 (59) 

12 weeks 

NS 

384 

T 4 : usual 

LT 4 /LT 3 : usual 

T 4 dose minus 

50 pg/d with 

T 3 lO/zg/d 

Dosing: once daily b 

Mixed: autoimmune, 
post-RAI, 
thyroid surgery 

Cross-over, 

blinded 

30 (27) 

6 weeks 

NS 


T 4 : usual 

LT 4 /LT 3 : usual 

T 4 dose minus 

50 fig/d with 

T 3 10/ig/d 

Dosing: once daily 

Primary 

hypothyroidism, 
no thyroid cancer 

Parallel, 

blinded 

697 (573) 

12 Months 
(outcomes 
assessed 3 
and 12 months) 

LT4/LT 3 >LT 4 


(continued) 
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Table 7. (Continued) 


Reference 

Treatment 
dosing a 

Etiology primary 
hypothyroidism 

Design 

No. of patients 
randomized 
( completed 
follow-up) 

Treatment 

duration 

End of study 
TSH differences 
between groups 

388 

T 4 : usual 

LT 4 /LT 3 : usual 

T 4 dose minus 

50 ng/d with 

T 3 total 25 fig/d 
Dosing: Twice daily 
T 3 , once daily T 4 

Primary 

hypothyroidism, 
no thyroid cancer, 
no thyroidectomy, 
no history of 
hyperthyroidism 

Parallel, 

blinded 

40 (33) 

15 weeks 

NS 

523 

T 4 : usual 

LT 4 /LT 3 : usual 

T 4 dose minus 5% 
with T 3 5% 

(aim 14:1 ratio 

LT 4 to T 3 ) 

Dosing: once daily* 3 

Mixed: autoimmune, 
post-RAI, thyroid 
surgery, no 
thyroid cancer 

Cross-over, 

blinded 

26 (23) 

12 weeks 

LT4/LT 3 <LT 4 

524 

T 4 : usual 

LT 4 /LT 3 : usual 

T 4 dose minus 

50 pg/d with 

T 3 total 12.5 n g/d 
Dosing: twice daily 
T 3 , T 4 once daily 

Mixed: autoimmune, 
post-RAI, thyroid 
surgery, but 
no one on TSH- 
suppressive therapy 

Parallel, 

blinded 

71 (60) 

4 months 

NS 

385 

T 4 : usual 

LT^T^ usual 

T 4 dose minus 

50 /ig/d with 

T 3 10/rg/d 

Dosing: once daily b 

Mixed: autoimmune, 
post-RAI, thyroid 
surgery, but no 
thyroid cancer on 
TSH-suppressive 
therapy 

Cross-over, 

blinded 

110 (101) 

10 weeks 

lt 4 /lt 3 >lt 4 


“Starting treatment doses are shown (prior to adjustments within trials according to thyroid function tests). 
b Dosing not reported, assume once daily. 

NS, not significantly different; RAI, radioactive iodine treatment; EBRT, external beam radiation treatment. 


Escobar-Morreale et al. (519), and (iii) no statistically signif¬ 
icant superiority of combination treatment over LT 4 treat¬ 
ment—eight trials (384-386,388,517,518,522,523), including 
a study by Clyde et al. (518), in which cognitive performance 
on a Grooved Peg Board test was better in the LT 4 group, 
compared to the combination therapy. 

Thyroid-related symptoms and thyroid-related health 
outcomes are clinically relevant outcomes examined in many 
of the included trials. There was no significant difference 
in thyroid-specific symptom questionnaires between treat¬ 
ment groups in the seven trials measuring these outcomes 
(384,385,517-520,522). Of the nine trials examining the 
outcome of body weight (384-386,517-519,521,522,524), 
the end of trial weight was significantly reduced in the 
combination therapy group compared to the LT 4 group in only 
one trial at a TSH-suppressive dose of combination therapy 
(LT 4 :LT 3 5:1 ratio) (386), with no significant differences 
observed in the other studies (384,385,517-519,521,522,524). 
Bone mineral densitometry, measured after 6 months of 
treatment, was not significantly different with combination 
treatment compared to LT 4 alone in one study of premen¬ 
opausal women examining this outcome (520). Skeletal 
fracture outcomes were not reported in any studies. The 
effect of combination LT 4 /LT 3 treatment compared to LT 4 
alone on resting heart rate was evaluated in 11 trials (384- 
387,517-520,522-524), and the effects were characterized 


as follows: (i) significantly increased heart rate in the 
combination therapy group compared to the LT 4 group— 
one trial by Appelhof et al. (386), at the 5:1 LT 4 to LT 3 ratio 
dose of combination therapy; (ii) significantly reduced 
heart rate in the combination therapy group compared to the 
LT 4 group—three trials, including those from Bunevicius 
et al. (387), Escobar-Morreale etal. (519), and Walsh etal. 
(385), respectively, or (iii) no significant difference be¬ 
tween treatment groups in seven trials (384,517,518, 
520,522-524). Too few of the combination therapy trials 
have assessed lipid and cardiovascular parameters to allow 
comments about benefits related to these outcomes. 

Another relevant consideration is treatment preference of 
patients (see comment in recommendation 12 about use of 
preference measures as health outcomes). An important 
limitation in interpreting data on patient preference from 
randomized trials of combination therapy is a lack of vali¬ 
dation and standardization of measurement of this construct, 
among trials. Among the five blinded, cross-over design trials 
comparing treatment preference (385,387,517,519,521), 
combination LT 4 /LT 3 treatment was preferred to LT 4 in four 
trials (387,517,519,521), whereas there was no significant 
difference in treatment preference in only one trial (385). It is 
important to note that the total number of patients who 
completed the studies in these four positive cross-over design 
preference trials was only 128 (387,517,519,521), which is 
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Table 8. Trials from Those Listed in Table 7 
That Provide Information Regarding Mood 
and Fatigue Symptoms in the Trial Participants 


Reference 

Information about mood and fatigue 

519 

Individuals with mental illness or affective 
disorders were not allowed to participate 
in this trial. 

384 

The participants in this trial were prescreened 
for fatigue and mood, using validated 
questionnaires (Piper Fatigue Scale 
and General Health Questionnaire-30 
[GHQ-30]), respectively. The sampling 
of participants was stratified according 
to severity of fatigue level; however, 
individuals with scores >45 on the 

GHQ-30 were excluded, due to an 
increased probability of depression 
(530,532,533). 

388 

This trial was conducted in individuals 
with primary hypothyroidism who were 
had evidence of depressive symptoms 
at baseline (GHQ administered on two 
occasions prior to randomization) (404,531). 

524 

Individuals with psychiatric disorders were 
not allowed to participate in this trial. 

385 

Individuals with untreated major depression 
were not allowed in this trial, but patients 
on stable doses of antidepressants were 
allowed if the depression treatment was 
unlikely to change. 


comparable to the 101 patients who completed follow-up in 
the trial in which combination treatment was not preferred 
(385). The mean serum TSH was significantly higher in the 
combination therapy group (3.1 mlU/L) compared to the LT 4 
group (mean 1.5mIU/L) in the negative cross-over design 
preference trial (385); in the cross-over trials where combi¬ 
nation treatment was preferred, the mean serum TSH was not 
significantly different between groups in three studies 
(387,517,521), but significantly higher in the combination 
LT4/LT3 group compared to the LT 4 group in one study from 
Escobar-Morreale et al. (519) (mean TSH 2.5mIU/L in the 
combination therapy group and 1.95 mlU/L in LT 4 group). In 
blinded parallel design randomized trials evaluating patient 
preference or subjective patient evaluation of improved well¬ 
being on experimental treatment, combination treatment was 
preferred over LT 4 alone in a study examining data from 130 
individuals from Appelhof et al. (386), but not in a study ex¬ 
amining data from 573 individuals from Saravanan et al. (522). 
The observed treatment preferences of LT4/LT3 combination 
therapy over LT 4 treatment alone in the described studies can¬ 
not be reliably explained by any significant consistent benefit of 
combination treatment on measures of mood, quality of life, 
neurocognitive functioning, classic hypothyroid symptoms, 
weight, or TSH. Thus, the reason why LT 4 /LT 3 combination 
therapy was preferred over LT 4 alone by some patients is not 
well understood, and there is some question about validity of this 
measurement, given the lack of standardized evaluation methods 
for this construct among studies. 

We also reviewed the results of recent systematic reviews or 
meta-analyses, comparing the effect of combination LT 4 /LT 3 


treatment compared to LT 4 treatment alone (389,525-527). 
For respective meta-analyses, the timing of review and 
number of trials included was as follows: (i) review by 
Grozinsky-Glasberg et al. (389) conducted in September 
2005 in which data were pooled from 11 trials (including one 
unpublished study), (ii) a review by Joffe et al. (526) from 
2007 in which data were pooled from nine trials (including 
one unpublished trial), and (iii) a review by Ma et al. (527) 
conducted in 2008 in which data were pooled from 10 trials 
[including potentially partially duplicated results of one 
trial (387)]. The authors of these meta-analyses reported that 
based on their pooled analyses, there was no significant benefit 
of combination LT 4 /LT 3 treatment compared to LT 4 treatment 
alone, on mood/health-related quality of fife (389,526,527), nor 
cognitive functioning (389,527). Of note, statistical heteroge¬ 
neity of some of these pooled analyses was noted (389,527), 
and for some measures reported by Ma et al. (527), LT 4 alone 
appeared to be superior to combination treatment. Pooled 
adverse event rates were not significantly different between 
treatment arms (389). In a meta-regression analysis, Grozinsky- 
Glasberg et al. (389) reported no significant association among 
length of follow-up, percentage of athyreofic patients, or dose 
of LT 3 and psychologic outcomes. In pooling data from four 
trials examining treatment preference, Joffe et al. (526) re¬ 
ported that combination treatment was significantly preferred 
over LT 4 treatment alone. A systematic review, without meta¬ 
analysis, was also published by Escobar-Morreale et al. (525) 
in 2005, in which data from nine trials [including the 1970 trial 
from Smith et al. (528)], were reviewed. Escobar-Morreale 
et al. (525) also concluded that data on benefits of combi¬ 
nation treatment on psychological outcomes were heteroge¬ 
neous and not reproducible, and that the treatment preference 
for combination treatment was not explained based on results 
of psychologic or psychometric tests. 

In conclusion, in reviewing data from 13 published 
RCTs (384-388,517-524) and four systematic reviews or 
meta-analyses of trials (389,525-527), we found important 
unexplained clinical heterogeneity of studies in terms of 
therapeutic dose combinations utilized and important study 
results, such as the following: end of trial TSH, psychological 
status or health-related quality of life, neurocognitive func¬ 
tioning or behavior, and treatment preference. Measurements 
on thyroid-related symptom questionnaires generally did not 
appear to be significantly superior with LT 4 /LT 3 combination 
therapy compared to LT 4 alone. Serious adverse events did 
not appear to be reported at higher rates in combination 
treatment compared to LT 4 alone; however, the majority of 
trials were limited by relatively short follow-up periods. The 
potential for adverse effects of long-term use of combination 
therapy, such as fractures or cardiovascular events, are not 
known. There is also a paucity of data collected on the use of 
combination therapy in men with primary hypothyroidism. 
Longer-term outcome research is generally needed in this 
field, given that TH replacement therapy is generally lifelong. 
Furthermore, RCTs incorporating the use of sustained release 
T 3 preparations would be of interest. However, at the current 
time, based on a lack of clear consistent evidence of benefit of 
combination therapy using LT 4 /LT 3 over established LT 4 
therapy and the lack of a proven reproducibly efficacious 
dose combination using currently available preparations, as 
well as the lack of long-term outcome data (on safety and 
efficacy) on the use of UlJUTj, combination therapy, we 
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believe that the routine use of LT4/T3 in treatment of primary 
hypothyroidism is not justified. 

Published trials of combination therapy have not targeted 
patients who have relatively low serum T 3 values during 
monotherapy. In addition, the serum T 3 values achieved 
during combination therapy have not been a specific end¬ 
point of these trials. It is possible that future trials that in¬ 
clude having both a relatively low serum T 3 and a normal 
serum TSH concentration during monotherapy as entry 
criteria, in the absence of nonthyroidal illness, might have 
different outcomes from the trials conducted thus far. Future 
research addressing this subgroup of patients should be 
encouraged because this is currently an unproven approach. 
As outlined in the discussion of recommendation 9b, some 
of our task force members felt that, at the discretion of the 
practitioner, innovative therapy with T 3 could be attempted. 
Such treatment would be solely used to attempt to enhance 
the well-being of an individual patient, but would not for¬ 
mally test a hypothesis, permit conclusions to be drawn, or 
contribute to knowledge that would generalizable for future 
patients. 

Our view is generally in keeping with a recent joint 
statement from the AACE and the ATA, indicating that 
“the evidence does not support using L-thyroxine and L- 
triiodiothyronine combinations to treat hypothyroidism” (3). 
However, the joint AACE/ATA hypothyroidism treatment 
guideline acknowledged that there are “still-unresolved is¬ 
sues raised by studies that reported some patients prefer and 
some patient subgroups may benefit from a combination of L- 
thyroxine and L-triiodothyronine” (3). In a recent clinical 
practice guideline, the ETA has also stated that “there is 
insufficient evidence that LT 4 and LT 3 combination therapy 
serves the hypothyroid patient better than T 4 monotherapy” 
and that “LT 4 remains the standard treatment for hypothy¬ 
roidism” (5). However, the ETA has suggested that “LT 4 and 
LT 3 combination therapy might be considered as an experi¬ 
mental approach in compliant LT 4 -treated hypothyroid pa¬ 
tients who have persistent complaints despite serum TSH 
values in the reference range, provided they have previously 
been given support to deal with the chronic nature of their 
disease and associated auto-immune diseases have been ruled 
out.” This document outlines methods for calculating LT 4 
and LT 3 doses for physicians who are considering using a 
trial of combination therapy in their patients. A range of 
widely differing opinions about combination therapy has 
been offered since the publications of the AACE/ATA and 
ETA guidelines (534-539). However, both the AACE/ATA 
hypothyroidism guideline (3) and the ETA guideline (5) have 
strongly discouraged the use of LT^^ combination ther¬ 
apy in pregnant women. We also agree that in pregnancy, 
where delivery of T 4 is thought to be crucial for fetal brain 
development (483), use of a treatment regimen containing T 3 , 
in which the T 4 concentration may be relatively reduced, 
could be deleterious and should be avoided. 

We would like to stress that if any experimental therapy 
(such as combination T 4 /T 3 therapy) is considered in humans, 
it must meet professional and institutional ethical standards, 
as outlined in section 18 (ethical considerations in hypothy¬ 
roidism research). We believe that high quality randomized 
controlled clinical trials are needed to prove if any specific 
subgroup of patients with primary hypothyroidism may 
specifically benefit from the use of TVT 3 combination ther¬ 


apy over the use of T 4 alone. Such trials need to track relevant 
adverse effects, and ideally, examine long-term outcomes. 

13d. Should genetic characterization according 
to type 2 deiodinase gene polymorphism status 
be used to guide the use of combination synthetic 
levothyroxine and liothyronine therapy 
in hypothyroidism, in order to optimize 
biochemical and clinical outcomes? 

■ RECOMMENDATION 

Currently, genetic testing is not recommended as a guide 
to selecting therapy for three reasons, (i) Although there 
are data suggesting that specific polymorphisms of the type 
2 deiodinase gene might be associated with therapeutic 
response to combination synthetic levothyroxine and 
liothyronine therapy, controlled confirmatory studies are 
needed, (ii) Currently genetic testing for these specific 
deiodinase polymorphisms is only available in the re¬ 
search setting, (iii) The small effect of the type 2 deio¬ 
dinase gene variants identified so far that do affect thyroid 
hormone concentrations (see section 13a), suggests that 
other factors (e.g., yet unidentified genetic variants) may 
play a far greater role in determining an individual pa¬ 
tient’s thyroid hormone concentrations. 

Strong recommendation. Moderate quality evidence. 

Discussion of the clinical literature 
We examined the medical literature to determine whether a 
therapeutic strategy of tailoring the use of combination LTV 
LT 3 treatment, according to genetic characterization of the 
primary hypothyroid adult patient, improves health out¬ 
comes, as opposed to a strategy of routine LT 4 treatment for 
all patients. We included three studies on secondary analyses 
(390,540,541) stemming from two prospective trials com¬ 
paring LT 4 /LT 3 combination therapy to LT 4 alone in primary 
hypothyroidism (386,522) in our review. Such secondary 
analyses of trials, in which treatment allocation was not 
stratified a priori according to genetic characterization, 
should be considered hypothesis generating. In addition, gi¬ 
ven the modest effects that we now know these polymor¬ 
phisms exert, this may limit their clinical relevance for the 
individual patient. 

Using data from a RCT by Saravanan et al. (522), Panicker 
et al. (390) explored in a secondary analysis whether com¬ 
mon genetic variants (polymorphisms) of three deiodinase 
genes ( DIOl , DI02, and DI03), predicted baseline psycho¬ 
logical morbidity, and response to combination LT 4 /LT 3 
treatment in 552 patients. Panicker et al. (390) reported that 
the presence of two SNPs in the DI02 gene, DI02-Thr92Ala 
(also known as rs225014) and rs225015, which are in strong 
linkage disequilibrium ( R 2 = 0.88), were respectively signif¬ 
icantly associated with baseline measures of psychological 
well-being. Although 16 polymorphisms were tested, no 
multiple testing correction was applied because this study, 
despite being the largest study to date, was underpowered to 
detect all but very large differential gene-treatment effects. 
For this reason, the authors choose to report the p values and 
associations, which should be considered suggestive, and 
qualified their findings by stating clearly that the results need 
replicating as a risk of type I statistical error exists (390). 
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Moreover, Panicker et al. (390) reported a significant inter¬ 
action between the less common variant of DI02-Thr92Ala 
and combination LT4/LT3 treatment compared to LT 4 treat¬ 
ment on the outcomes of psychological well-being, thyroid 
symptoms, and satisfaction, in the absence of any significant 
effect on circulating TH levels. In addition, there was no 
association between being homozygous for the DI02 poly¬ 
morphism and having a lower pre-intervention serum free T 3 
concentration than the remainder of the study population. 
Sixteen percent of the population in this study was homo¬ 
zygous for the polymorphism (390). In contrast, analyzing 
data from a RCT by Appelhof et al. (386) comparing LT 4 
monotherapy with LT 4 and LT 3 combination therapy in two 
ratios, the same group (540) found no significant association 
of DI02-Thr92Ala and another DI02 polymorphism DI02- 
258A/G (rsl2885300, DI02-0RFa-Gly3Asp) with measures 
of well-being, neurocognitive functioning, or treatment 
preference (data from 92 patients). Polymorphisms in DIOl, 
although associated with altered serum T 3 levels (495,502), 
have not been associated with altered response to combina¬ 
tion therapy (390). 

In another secondary analysis of 92 patients from the same 
study by Appelhof et al. (386), van der Deure et al. (541) re¬ 
ported that the presence of two polymorphisms of OATP1 Cl, a 
T 4 transporter expressed in brain tissue, were significantly 
associated with measures of fatigue and depression, but did 
not explain differences in neurocognitive functioning nor 
preference for LT 4 / LT 3 combination therapy in patients 
with primary hypothyroidism. An important limitation of 
these studies examining associations with SNPs was that 
respective treatment allocation to the combination LT 4 /LT 3 
treatment or LT 4 alone, was not randomized with atten¬ 
tion to polymorphism status, and thus the results should be 
considered hypothesis generating. In addition, the differ¬ 
ences between the treatment groups were significant, but 
small, with considerable overlap between the groups. As 
a consequence, it is unlikely that genetic characterization 
of only these polymorphisms will result in superior health 
outcomes. 

With whole exome and whole genome sequencing be¬ 
coming ever more easily available, less common variants that 
may, in part, have larger effects are likely to be detected. 
Large RCTs are needed to know whether a strategy of tai¬ 
loring the type of TH replacement therapy (i.e., LT 4 /LT 3 or 
LT 4 alone), according to genetic characterization, may result 
in superior health outcomes, compared to the currently re¬ 
commended strategy of routine LT 4 treatment for adults with 
primary hypothyroidism. 

Triiodothyronine Monotherapy for Hypothyroidism 

14. Are there data regarding therapy with 
triiodothyronine alone, either as standard 
liothyronine or as sustained release 
triiodothyronine, that support the use 
of triiodothyronine therapy alone 
for the treatment of hypothyroidism? 

■ RECOMMENDATION 

Although short-term outcome data in hypothyroid patients 

suggest that thrice-daily synthetic liothyronine may be 

associated with beneficial effects on parameters such as 


weight and lipids, longer-term controlled clinical trials 
using a longer-acting form of triiodothyronine are needed 
before considering the endorsement of synthetic liothyr¬ 
onine therapy for routine clinical use. 

Strong recommendation. Moderate quality evidence. 

Mechanistic background 

T 4 , the main product of the thyroid gland, is a prohormone 
devoid of intrinsic activity, and the biological effects of TH 
are the result of the interaction between T 3 with its receptors 
(9). From this perspective T 4 , and by extension its reservoir of 
hormone bound to serum carrier proteins, ensures a reserve 
of substrate for the deiodination to T 3 and offers a buffering 
against fluctuations in the circulating and tissue levels ofT 3 . 
On the other hand, since replacement therapy with LT 4 relies 
entirely on the deiodination step to provide adequate levels of 
serum and tissue T 3 , a defect in this metabolic step would 
result in inadequate delivery of the active hormonal form. 
Direct therapy with LT 3 , while having the advantage of 
avoiding the requirement for a deiodination step, could also 
have the theoretical disadvantage of not permitting regulated 
time-specific and tissue-specific production of T' 3 . With LT 4 
therapy, D2-expressing tissues should maintain the required 
substrate for normal intracellular generation of T' 3 ; in ad¬ 
dition, the D2 pathway contributes to providing normal 
amounts of T 3 for most patients. With T 3 monotherapy, mul¬ 
tiple daily dosing is required to sustain serum T 3 levels due to 
the shorter half-life of LT 3 , compared with LT 4 (348). If 
normalization of serum TSH is the goal ofLT 3 monotherapy, 
serum T 3 levels must be significantly higher, approximately 
double, than those seen during LT 4 monotherapy; whether 
this leads to relative hyperthyroidism in some tissues requires 
further study. The impact of LT 3 monotherapy on D2-ex¬ 
pressing tissues other than the pituitary gland is also un¬ 
known. In rodents, normalization of serum TSH and 
hypothalamic TRH expression with T 3 monotherapy requires 
serum T 3 levels in the supranormal range (542). 

Discussion of the clinical literature 
Therapy with synthetic LT 3 has the theoretical advantage 
of bypassing the T 4 to T 3 conversion step, which is obligatory 
in case of LT 4 treatment, hence directly delivering the bio¬ 
active drug to the various organs/tissues that are the target 
of hormonal action. Conversely, a theoretical disadvantage 
of therapy with LT 3 alone is represented by the lack of 
T 4 as a reservoir of substrate; hence the circulating and tissue 
levels of T 3 are entirely dependent on the pharmacokinetic 
characteristics of the exogenously administered hormone 
replacement. The available data relative to the pharmacoki¬ 
netics of LT 3 are contradictory, indicating half-life values 
ranging from 6 to 22 hours (36,543). The primary data were 
obtained from single-dose studies, and these studies were 
either performed by means of measurement of radioactive 
decay of radio-labeled LT 3 in euthyroid volunteers (543) or 
by measurement of serum T 3 in hypothyroid patients 
(36,543). Since some studies have been performed in subjects 
with endogenous production of TH from the thyroid gland, 
it is possible that the re-uptake and metabolism of iodine 
in the thyroid caused a spurious increase in the half-life of 
the drug. Calculation of LT 3 half-life in the blood may also 
be complicated by distribution from the blood into other 
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compartments and redistribution back into the blood. How¬ 
ever, an average half-life of 1 day has been quoted (543). 

LT 3 therapy started after LT 4 discontinuation, usually 
administered at a dose of 25 pg twice daily, has traditionally 
been used with the intent of ameliorating hypothyroid 
symptoms in situations in which induction of hypothyroidism 
was used as a means delivering therapy for thyroid cancer 
(544). However, with respect to the hypothyroidism induced 
in this situation, once-daily administration of 50 fig LT 3 
versus placebo did not result in a significantly different 
Billewicz score when documented 2 weeks after LT 4 dis¬ 
continuation, perhaps because FT 4 levels were still sufficient 
at this time point. Use of LT 3 delayed the attainment of a 
serum TSH greater than 30 mlU/L but did not alter the hy¬ 
pothyroid symptoms at the time of scanning (44). Thus T 3 
does not appear to have an advantage in this setting. 

Although an extended-release formulation of LT 3 has been 
shown in a single short-term study to reduce the peaks and 
troughs of LT 3 administration that were seen over a 9-hour 
period after T 3 administration (545), currently no formal 
pharmacokinetic study has been published. Presumably, once 
in the circulation as T 3 , the persistence of T 3 is limited by its 
short half-life. Thus, even though a sustained release prepa¬ 
ration may have reduced peaks and troughs, it may still need 
to be administered several times day. However, interestingly, 
a report of a sustained release profile for serum T 3 levels after 
administration of a single dose of T 3 sulfate to hypothyroid 
patients was recently published (546). 

A recent double-blind randomized cross-over study dem¬ 
onstrated that LT 3 can achieve an equivalent degree of serum 
TSH suppression as compared to LT 4 at a ratio (pg/pg) of 1:3 
when administered as a thrice-daily regimen (348). With this 
regimen the serum levels of T 3 were significantly higher, 
albeit within the reference range, than the ones achieved with 
LT 4 therapy both in the morning and throughout the day 
(347), while serum TSH remained stable throughout the 24 
hours. In this study, no adverse events were recorded with the 
exception of an episode of generalized anxiety during the 
treatment with LT 4 ; the two treatments were also equivalent 
with respect to cardiovascular function and glucose homeo¬ 
stasis. No differences were observed in quality-of-life end¬ 
points, and patients were not able to distinguish which 
treatment arm they were assigned to (347). When treated with 
LT 3 , patients experienced an average weight loss of 2.1 kg, a 
13.3% decrease in LDL-cholesterol, and a 22.3% increase in 
SHBG, compared with LT 4 therapy. These investigators 
subsequently reported performing TRH stimulation in these 
patients and noted that serum TSH responses were similar in 
the LT 3 and LT 4 groups, suggesting that possible metabolic 
differences were mediated peripherally and not at the pitui¬ 
tary gland level (373). Taken together, the data indicate that 
the substitution of LT 3 for LT 4 at equivalent doses (relative to 
the thyrotroph) provide an increased hormonal signal to the 
liver in the absence of obvious toxicity. 

Although the results of the double-blind randomized cross¬ 
over treat-to-target LT 3 versus LT 4 study (347) seem to in¬ 
dicate some superiority at least relative to weight and lipid 
profile, it is important to note that the experimental treatment 
was cumbersome and required multiple adjustments; indeed 
volunteers required an average of 180 days to achieve a target 
serum TSH on a stable dose of replacement therapy. There¬ 
fore, LT 3 alone should not be advocated as a replacement 


therapy modality in the absence of an extended-release for¬ 
mulation able to provide stable serum levels of T 3 . 

The LT 3 -only therapy appears more favorable for patients 
affected by dyslipidemia and obesity, but at the present time 
there is not sufficient evidence that this modality is superior 
to the standard LT 4 therapy, particularly because of the risk 
of over- or underdosing, with the attendant risk of cardiac 
and skeletal toxicity, and because of the necessity of strict 
compliance to the regimen and the timing of the drug 
administration. 

Presently no data are available on the long-term effects of 
LT 3 -only therapy, particularly with respect to bone and 
mineral metabolism and overall safety profile. Long-term 
administration studies on large populations are required to 
evaluate the safety of this treatment modality, and the sus¬ 
tainability of the weight and lipid profile changes. Currently 
there is no evidence that LT 3 -only therapy is cost-effective 
relative to the standard of care represented by LT 4 . Further¬ 
more, one can predict that this therapeutic modality will re¬ 
quire more monitoring and presumably will be associated 
with longer periods of undertreatment or overtreatment as 
compared to LT 4 therapy. 

Although not recommended, if used, the following com¬ 
mon sense recommendations to monitoring might apply. 
LT 3 -only therapy should be monitored with measurements of 
fasting serum TSH levels before the administration of the 
dose, aiming to target serum TSH within the lower fertile of 
the reference range, if aiming for TSH values seen in a nor¬ 
mal population (54). Although data to support this approach 
are not available, it would seem reasonable to measure serum 
T 3 levels in the morning (trough) and 2 hours after the ad¬ 
ministration of the dose (peak), aiming to maintain the values 
within the reference range; serum FT 4 assessment is of no 
value in this scenario. 

At the present time there is insufficient evidence to suggest 
that LT 3 -only therapy is a safe and efficacious treatment of 
hypothyroidism in the general population, including in hy¬ 
pothyroid patients with obesity and dyslipidemia. This rec¬ 
ommendation may change in the future should long-term, 
randomized, controlled trials of a sustained release formu¬ 
lation of T 3 become available. 

Liothyronine Monotherapy in Euthyroid Patients 

15a. Is there a role for the use of liothyronine 
to treat biochemically euthyroid patients 
with depression? 

■ RECOMMENDATION 

Although some uncontrolled and nonrandomized data 
exist concerning successful use of liothyronine in euthy¬ 
roid patients with depression, larger, prospective ran¬ 
domized placebo-controlled studies are needed to more 
completely define the potential role of liothyronine in this 
condition, balancing the risks and benefits of therapy to 
measurable clinical outcomes. 

Weak recommendation. Low-quality evidence. 

Discussion of the clinical literature 
Despite advances in our understanding of T 3 -mediated 
genomic as well as nongenomic actions at the cellular level 
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(547), the role for LT 3 in optimizing TH replacement therapy 
has not been clearly elucidated (534,548-550). With in¬ 
creased recognition of the biologic importance of T 3 at the 
cellular level, and the concerns that biochemical euthyroid- 
ism may not equate to tissue euthyroidism, there has been an 
increasing dialogue regarding whether LT 3 therapy may be 
effective in reducing symptoms seen in euthyroid patients as 
well as in patients with depression, obesity, and cardiovas¬ 
cular disease. 

The potential use of LT 3 in the treatment of mood disorders 
has most commonly focused on one of two clinical strategies, 
either as an adjunct to help accelerate the onset of action of 
antidepressant therapy or as an augmentation to therapy in an 
effort to enhance the effect of treatment that has not achieved 
the intended clinical effect (551). Hypothalamic-pituitary- 
thyroid axis abnormalities have been documented in depres¬ 
sion, along with reduction in serotonin levels (552). The 
physiologic basis for the potential role of LT 3 is based on 
observations of T 3 -induced increased concentrations of sero¬ 
tonin in the cerebral cortex of mice with increased serotonin- 
mediated responses (553). In a meta-analysis by Aronson 
et al. (554) of patients with major depressive disorder, LT 3 
augmentation was associated with a twofold greater likeli¬ 
hood of response to tricyclic antidepressant (TCA) therapy in 
292 patients with a previous history of treatment-resistant 
depression. Altshuler et al. (555) reported results of a meta¬ 
analysis of six studies examining the use of LT 3 to accelerate 
the effect of TCA with five of six studies showing greater 
effect of combined therapy with LT 3 over placebo, with the 
most pronounced impact found in studies that had larger co¬ 
horts of women. More recently, Cooper-Kazaz and Lerer 
(551) reviewed the literature on combined LT 3 and serotonin 
re-uptake inhibitors (SSRIs). A total of eight studies were 
compared; five RCTs, of which three were enhancement 
studies and two were augmentation studies, and three addi¬ 
tional open augmentation studies in which LT 3 was added 
after failure of SSRI-only therapy. Of the three enhancement 
studies, one showed weak support for acceleration by LT 3 of 
the therapeutic efficacy of SSRIs, and in two, no acceleration 
was found. In the five augmentation studies, including the 
STAR*D study comparing LT 3 augmentation to lithium 
augmentation (556), the use of LT 3 augmentation was asso¬ 
ciated with an overall remission rate between 25% and 36%. 
For all studies combined there were very few side effects 
associated with the addition of LT 3 up to 50 fig/d (551). The 
authors conclude that while there is evidence to support the 
clinical efficacy of LT 3 for the enhancement or augmentation 
of SSRI therapy, the data are not conclusive and further 
controlled studies employing uniform study design are nee¬ 
ded to determine the appropriate dose, the timing of LT 3 
initiation, and length of treatment (551). The practice 
guideline of the American Psychiatric Association describes 
the use of LT 3 in its document about treatment of major 
depression, but does not have a specific recommendation 
addressing its use (557). 

If LT 3 therapy is in fact beneficial, it is possible that this 
may be due to pharmacological rather than physiological 
effects of T 3 . Nevertheless, it may occur that a psychiatrist is 
using adjunctive oral LT 3 therapy to treat a psychiatric dis¬ 
order and requests an endocrinologist’s opinion how to 
manage the patient. It would seem appropriate to monitor the 
patient clinically with a history and physical examination. 


Serum FT 4 , T 3 , and TSH levels should also be monitored, 
recognizing that the T 3 levels, and perhaps the TSH con¬ 
centrations, might vary throughout the day. A clinical rec¬ 
ommendation then can be given based on these parameters. 

15b. Is there a role for the use of liothyronine 
to treat biochemically euthyroid patients 
with obesity? 

■ RECOMMENDATION 

We recommend against the use of synthetic liothyronine 
therapy in treating euthyroid patients with obesity, due to a 
lack of controlled data proving treatment efficacy for this 
indication. 

Strong recommendation. Low-quality evidence. 

Discussion of the clinical literature 
LT 3 has also been considered as a potential therapy to 
prevent the cardiovascular morbidity and mortality associ¬ 
ated with obesity. Efforts to use LT 3 are based on studies 
showing decreased serum T 3 with subsequent decreased ba¬ 
sal metabolic rate in obese subjects placed on calorie- 
restricted diets (447,558). In hypothyroid patients, when LT 3 
is administered thrice daily, dosed to achieve a target TSH of 
0.5-1.5mIU/L, LT 3 treatment is associated with decreased 
body weight, with an average weight loss of - 1.8 +1.9 kg, as 
well as reduced total cholesterol, LDL, non-HDL, and apo- 
lipoprotein B when compared to LT 4 therapy in the same 
individual (347). There have been multiple studies on the 
potential efficacy of LT 3 in euthyroid obese subjects, sum¬ 
marized in a systematic review by Kaptein et al. (447). In 13 
of 14 studies, LT 3 was the exclusive therapy, with LT 4 /LT 3 
used in the additional study. Unfortunately, there was wide 
variation in study design with no clear association between 
LT 3 therapy and weight loss, protein breakdown, or meta¬ 
bolic rate. In addition, none of the studies were designed to 
determine one of the most important questions; that is, 
whether LT 3 therapy during caloric deprivation enhances fat 
loss without loss of muscle mass or strength. In addition, 
there was evidence showing LT 3 therapy induced subclinical 
hyperthyroidism based on lower FT 4 and TSH levels. No 
study performed TRH stimulation to more fully evaluate the 
impact of the LT 3 dose regimen on hypothalamic-pituitary 
function (447). 

Compounded Thyroid Hormones 

16. What is the recommendation regarding therapy 
with compounded thyroid hormones (either 
levothyroxine or liothyronine) for treatment 
of hypothyroidism based on current evidence? 

■ RECOMMENDATION 

We recommend against the routine use of compounded 
thyroid hormones due to concerns about safety and po¬ 
tency and due to the lack of data proving superiority to 
standard thyroid hormone preparations. However, in the 
case of suspected allergy to an excipient of standard thy¬ 
roid hormone preparations that cannot be avoided with 
a change in brand or dose formulation, including a trial 
of levothyroxine gel capsules, it may be reasonable to 
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consider use of compounded products, although a con¬ 
trolled study of this approach has not been published. 

Strong recommendation. Low-quality evidence 

Discussion of the clinical literature 

Compounded medications are those prepared by a spe¬ 
cialized pharmacy that produces the drug with specific in¬ 
dividual patient needs in mind (in response to a licensed 
physicians’ prescription). The process usually involves 
modifying or altering the components of the medication or 
its excipients in a specific manner. There are specialized 
pharmacies and pharmacists that are capable of preparing 
compounded medications. Theoretical advantages of 
compounded medications include the ability to change the 
form of the medication (e.g., from tablet to liquid or 
transdermal preparation), specific excipients or dyes can be 
included or excluded (e.g., lactose can be excluded if a 
patient is lactose intolerant, erythrosine [red dye] can be 
excluded if the patient is allergic), and various flavors 
can be added to make the medication more palatable. 
Specific doses of medication that may not be commercially 
available may also be prepared. On the other hand, there 
are potential concerning issues regarding compounded 
medications. There are no specific guidelines or regulations 
governing the compounding of every medication, and the 
experience and consistency regarding the active ingredi¬ 
ents) may vary over time and between different pharma¬ 
cies and different preparations. Furthermore, compounded 
medications may be more expensive than commercially 
prepared formulations. 

The Pharmacy Compounding Accreditation Board has 
been developed to set national standards for compounding 
pharmacies. The FDA does not specifically regulate every 
medication that is prepared individually by compounding, 
nor does it regulate the specific pharmacy or pharmacists. The 
FDA does, however, oversee the ingredients used and the 
facilities in which they are prepared. It was noted in 2007 that 
the FDA considers compounded medications as “new drugs” 
and, as such, they do not regulate their safety or efficacy and 
also do not allow interstate transportation of these com¬ 
pounded medications unless approval is given in a specific 
instance (559). The FDA does recognize the critical role of 
individual states in supervising and regulating pharmacists 
and pharmacies that perform compounding of medications. 
FDA-cited concerns regarding compounded medications in¬ 
clude the consistency of the skill of compounding pharma¬ 
cists and the reliability of their products. The general 
conceptual importance of compounded medications for in¬ 
dividual, specific patient usage, however, was noted. Thus, it 
is possible that these pharmacies could serve a role if bio¬ 
equivalence and stability of hormonal content could be as¬ 
sured. It should also be noted that a recent fungal meningitis 
outbreak in Massachusetts was apparently linked to an in¬ 
travenous compounded medication. This tragedy has led to 
comments and criticism of the present regulations governing 
compounding pharmacies. The FDA has suggested there be 
updated regulations governing compounding pharmacies 
with governmental oversight of the preparation, labeling, and 
administration of compounded medications, but still within a 
framework of maintaining the potential advantages of com¬ 
pounding pharmacies (560). 


T 4 , T 3 , thyroid extract, and combinations of these prepara¬ 
tions have each been compounded. However, there are very 
few published studies regarding use of compounded THs for 
treatment of hypothyroidism that meet scientific criteria for 
rigorous peer review. One article published by a specific 
pharmacy owner lists suggested formulae for achieving a 11:1 
ratio of T 4 :T 3 in the circulation and describes preparation, but 
does not provide any details about outcomes of therapy with 
the compounded product (561). There are also no published 
studies that compare compounded preparations with FDA- 
approved preparations. Boulton et al. (562) assessed the sta¬ 
bility of LT 4 in compounded oral liquid doses prepared from 
commercially available tablets. They examined stability over 
time (up to 90 days) and under various temperature conditions. 
The compounded preparations had significant degradation in 
each of the circumstances noted, but the compounded tablet 
preparations without added preservative retained more than 
90% of their original concentration for 8 days, although at day 
14 none of the formulations retained more than 90% potency. 
Thus, in order to ensure maintenance of potency, fresh supplies 
may need to be obtained from the compounding pharmacy at 
frequent intervals, with associated inconvenience to the pa¬ 
tient. A separate issue is related to the standardization and 
bioequivalence of compounded T 4 and T 3 obtained from a 
given pharmacy over time or between pharmacies. There are 
no peer-reviewed studies assessing these issues, thus quality 
control at the multiple pharmacies in existence is a concern. 
Errors in TH compounding have occurred and have resulted in 
severe thyrotoxicosis (563). 

Unfortunately placebo-controlled comparative studies of 
compounded THs with their FDA-approved counterparts 
may not be helpful for guiding their use because the com¬ 
pounding arm of such a trial would be specific only to the 
particular pharmacist and compounding pharmacy. In other 
words, in light of the heterogeneity introduced by com¬ 
pounding pharmacists, if equivalence is demonstrated this 
would not be generalizable to other pharmacies. Therefore, 
randomized controlled clinical trials will be useful only when 
a uniform standard of regulation is instituted. When such 
trials are performed, in vitro studies should also determine the 
amount of TH in each preparation. 

A general statement regarding the comparison of costs to 
the patient for a compounded TH and a commercially 
available product cannot be made. Patient costs for an indi¬ 
vidual compounded agent depends on multiple factors, to 
include the individual compounding pharmacy, the specific 
medication, the constituents of the compounding formula¬ 
tion, and insurance issues. 

Until all the concerns above are addressed, potential use of 
compounding pharmacies should only be considered if there 
is no alternative, such as allergy to an excipient. However, it 
is theoretically possible that this indication may be obviated 
by the availability of LT 4 soft gel capsules. The use of a 
nonexcipient gel capsule would be preferable to the use of 
compounded LT 4 . 

Nutraceuticals 

17. Is there a role for the use of dietary 
supplementation, nutraceuticals, 
and over-the-counter products in either 
hypothyroid or euthyroid individuals? 
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■ RECOMMENDATION 

We recommend against the use of dietary supplements, 
nutraceuticals, or other over-the-counter products either in 
euthyroid individuals or as a means of treating hypothy¬ 
roidism. We particularly caution against the use of phar¬ 
macologic doses of iodine because of the risk of 
thyrotoxicosis and hypothyroidism in those with intact 
thyroid glands susceptible to becoming further dysregu- 
lated because of underlying thyroid pathology. 

Strong recommendation. Low-quality evidence. 

Discussion of the clinical literature 
The FDA 1994 Dietary Supplement Flealth and Education 
Act expanded the definition of dietary supplements to include 
any nontobacco product that is intended to supplement the 
diet and contains at least one of the following ingredients: a 
mineral, vitamin, herb or other botanical, an amino acid, or 
any dietary substance in humans utilized to supplement the 
diet by increasing the total daily intake, or a concentrate, 
metabolite, constituent, extract, or combinations of these 
ingredients. 

Nutraceuticals is a term formulated to reflect its “nutri¬ 
tion” origin and “pharmaceutical” action, but it does not 
have a “regulatory definition.” Nutraceuticals are dietary 
supplements that “contain a concentrated form of a presumed 
bioactive substance originally derived from a food, but now 
present in a non-food matrix, and used to enhance health in 
dosages exceeding those obtainable from normal foods” 
(564). Use of such products, including vitamin preparations 
and herbal supplements, is common (565). Approximately 
20% of the subset of the hypothyroid population who are 
being treated for thyroid cancer use such supplements (566). 

The AACE has published an excellent summary with 
guideline recommendations for dietary supplements and 
nutraceuticals (567), with some updated information pro¬ 
vided in the recent Guidelines for Hypothyroidism in Adults 
(3). In general, the government mandates three possible types 
of claims of dietary supplement labels: (i) nutrient content 
(such as “high in calcium”); (ii) structure-function or nu¬ 
trition support (for example, “vitamin C prevents scurvy” or 
“calcium builds strong bones”), and (iii) disease claims. The 
“disease claims” alone requires FDA authorization after a 
thorough scientific evaluation of relevant studies. All other 
products must include the following statement: “This state¬ 
ment has not been evaluated by the FDA. This product is not 
intended to diagnose, treat, cure, mitigate, or prevent any 
disease.” Interested individuals should refer to the original 
comprehensive AACE document (567). Certain dietary 
supplements or nutraceuticals are purported to have the ca¬ 
pacity to enhance thyroid function. These agents or com¬ 
pounds can be allocated to one of several categories: iodine- 
containing substances, tyrosine-containing substances, and 
TH extracts or analogs. 

Iodine-containing substances (e.g., kelp) can, indeed, have 
multiple actions on the thyroid gland, as illustrated in a recent 
series of case reports (568). These effects on the thyroid gland 
can have significant clinical consequences. Excess iodine 
may precipitate thyroid dysfunction, particularly in patients 
with underlying thyroid autonomy, Hashimoto’s thyroiditis, 
or multinodular thyroid glands. Large amounts of iodine 
(e.g., SSKI or Lugol’s solution) can be used to decrease 


thyroid gland T 4 and T 3 secretion and is used in the treatment 
of hyperthyroid patients (569). However, there can be escape 
from thyroidal inhibition of organification (i.e., escape from 
the Wolff-Chaikoff effect) (570), and exacerbation of hy¬ 
perthyroidism can occur, especially in hyperthyroid patients 
treated with iodine solutions for at least several weeks or who 
are not receiving anti-thyroid agents concurrently. These 
studies demonstrate various and multiple effects of iodine 
supplementation on thyroid function including the induce¬ 
ment of hyperthyroidism, hypothyroidism, and thyroiditis. 
There is no doubt, of course, that a minimal amount of iodine 
(about 150 fig daily) is required for normal thyroid function 
in euthyroid nonpregnant individuals, but when iodine sup¬ 
plementation is used by otherwise normal individuals to en¬ 
hance thyroid function it is generally used in much larger 
doses, with the possibility of causing adverse effects. How¬ 
ever, there is little evidence that iodine supplementation in 
pharmacologic amounts can beneficially improve thyroid 
function in euthyroid individuals. As a result, the AACE 
guidelines note that “No data support the role of iodine in 
enhancing thyroid function (patient advised to discontinue 
use).” 

Tyrosine is an amino acid that that forms the basis for 
synthesis of T 4 and T 3 , and it has been speculated that giving 
tyrosine supplementation to euthyroid individuals would 
improve thyroid gland function. Nonetheless, as noted in the 
AACE guidelines “No published data, however, support the 
claim that ingestion of tyrosine increases the production of 
TH (patient advised to discontinue use).” Commercially 
available supplements sold for “thyroid health” or “thyroid 
support” may also contain measurable amounts of T 4 and T 3 , 
potentially exposing the public to iatrogenic thyrotoxicosis 
(571). 

The AACE guidelines note that multiple substances have 
been utilized as dietary supplements for thyroid conditions. 
They list the following substances as being utilized for 
“functional hypothyroidism” in biochemically normal indi¬ 
viduals: camosic acid, Commiphora molmol (myrrh), desic¬ 
cated animal thyroid extract, linoleic acid, omega-3 fatty 
acids, organic iodide, selenium, methionine, 3,5,3'-triio- 
dothyroacetic acid or tiratricol (TRIAC), tyrosine, vitamin A, 
vitamin D, vitamin E, Withania somnifera, and zinc glyci- 
nate. They also note possible interactions between TH ab¬ 
sorption or action with several compounds to include 
bugleweed, red yeast, kelp, calcium, iron, and bone meal. Soy 
protein has been studied and may interfere with LT 4 ab¬ 
sorption. Sathyapalan et al. (572) performed a double-blind 
cross-over study and demonstrated that there was an in¬ 
creased risk of developing OH in patients who originally 
had SCH, when they received a vegetarian diet (contain¬ 
ing 30 g soy protein and 16 mg phytoestrogen) as compared 
to a Western diet (containing 30 g soy protein and 2 mg 
phytoestrogens). 

The use of various TH analogs that can be purchased over 
the internet to enhance thyroid function is a very controver¬ 
sial area. TRIAC is a naturally occurring metabolite of LT 4 
that has significant metabolic action. It can bind to the T 3 
receptor and it can decrease TSH secretion. It may have a role 
in managing cases of resistance to TH (573). However, 
TRIAC administration in pharmacologic doses can cause 
toxicity like that caused by TH (574-578). Although TRIAC 
has effects similar to TH (in selected circumstances), there is 
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a lack of evidence it is beneficial when administered to eu¬ 
thyroid individuals and there is also a lack of evidence that it 
more beneficial than LT 4 when administered to hypothyroid 
subjects (579). 3,5-Diiodothyronine is advertised on the in¬ 
ternet as an agent for weight loss and enhancement of car¬ 
diovascular training. However, reports of its safety and 
efficacy for these purposes could not be identified, other than 
in a single short-term study in two patients (580). Given the 
lack of substantive available evidence, the use of a thyroid 
analog to enhance thyroid activity is not recommended. 

Strong recommendation against nutraceuticals is provided 
despite low-quality evidence, because there are potential 
risks but few proven benefits. 

Ethical Considerations in Hypothyroidism 
Research 

18. What are the research ethics issues involved 
in evaluating or designing clinical trials 
for the treatment of hypothyroidism? 

■ RECOMMENDATION 

There should be recognition that there are not enough data 
to resolve clinical disagreement among thyroid experts 
(called “clinical equipoise”) regarding treatment for hy¬ 
pothyroidism. Clinical equipoise is disturbed only by the 
results of well-designed randomized controlled trials that 
have the statistical power to settle the question of efficacy 
between monotherapy and combination therapy, or other 
forms of therapy. 

Ungraded 

Discussion of the clinical research literature 
In evaluating published research and original studies of TH 
replacement, only those studies demonstrating ethically 
sound design and responsible conduct of research (RCR), in 
which there was study oversight and Institutional Review 
Board approval, should be considered. Well-designed small 
studies without the statistical power to resolve clinical dis¬ 
agreement, or disturb “clinical equipoise” (see further), 
cannot be considered to be a high level of evidence of a null 
effect or superior or inferior efficacy. 

The fact that a study is published does not mean that it 
meets criteria for RCR. A well-executed meta-analysis of 
high-quality RCTs, with no clinically or statistically signifi¬ 
cant heterogeneity of pooled results, could be used to influ¬ 
ence clinical practice. However, narrative review articles, 
editorials, and opinion letters are insufficient to disturb 
clinical equipoise. There are fundamental challenges with 
editorship and reviewership, which can influence what types 
of studies are published (581). Although most industry- 
funded studies incorporate appropriate design and clear 
declaration of conflict, such studies can also be problematic. 
Studies funded by a drug manufacturer showing that the drug 
is effective or superior, need to be very carefully evaluated, as 
the opportunity for biased results is clear. In this respect, 
perceived conflicts of interest are treated the same as overt 
conflicts of interest. 

Clinical equipoise in TH therapy. The concept of 
“clinical equipoise” was introduced in 1987 by research 


ethicist Benjamin Freedman (582). A state of clinical equi¬ 
poise exists when a “community of experts” responsible for 
setting the standards of care are uncertain as to whether 
Therapy A is better than Therapy B. Thus, clinical equipoise 
provides the ethical basis for conducting a RCT of the two 
therapies in order to resolve the question about which therapy 
is superior. In current thyroidology, clinical equipoise exists 
about the issue of LT4/LT3 combination therapy for hypo¬ 
thyroidism as described in the literature review for recom¬ 
mendations 13b and 13c and Table 7. In this case, clinical 
equipoise may be considered to exist due to conflicting 
findings of trials in the literature and heterogeneity in the dose 
and frequency of the treatment utilized in the existing studies. 
There is also some uncertainty about which, if any, patients 
may benefit from combination therapy. 

A critical question that must be addressed is: Who com¬ 
prises the community of experts? There are some practi¬ 
tioners who feel that their own clinical observations in 
practice “count” as evidence and form the basis for “inno¬ 
vative therapies.” Such practitioners may widely disseminate 
their therapeutic opinions to patients directly through pub¬ 
lished trade books or through the Internet. What separates a 
valid community expert from an invalid community expert is 
scientific integrity, in which there is honest clinical dis¬ 
agreement. However, practitioners who intentionally misuse 
their professional training to profiteer or deceive patients or 
misrepresent themselves as “thyroid experts” or thyroidol- 
ogists when they can demonstrate no objective training in 
endocrinology are not considered ethical actors who are part 
of a serious clinical community with beneficent intentions. 
Clinical investigators who fail to meet basic standards in 
ethical conduct or scientific integrity must also be excluded 
from the community of experts. An example would be pub¬ 
lishing results of new therapies without evidence of RCR. As 
for critics of TSH testing and proponents of antiquated di¬ 
agnostic tools such as basal body temperature readings or 
other therapies, some (583) must be viewed as ethical actors 
within a history of medicine context if they were practicing in 
an era prior to the development of TSH testing as a standard 
of care. In this context, practitioners who questioned what 
would have been a “new” laboratory test in the 1960s and 
1970s were actually practicing evidence-based medicine and 
were cautious about adopting a new standard of care until it 
proved to be a superior diagnostic tool. However, any prac¬ 
titioner who currently promotes antiquated ideas and judges 
them as “current” or still relevant misrepresents medical 
history. This would be similar to a diabetologist promot¬ 
ing the use of antiquated therapies for diabetes and re¬ 
commending a patient with type 1 diabetes go on the special 
diets promoted in the early 20th century instead of taking 
insulin. 

Resolving clinical equipoise: RCT design. The need to 
resolve collective professional uncertainty, or “community 
of experts” uncertainty, over efficacy and safety of Therapy 
A (combination therapy) versus Therapy B (standard of care/ 
monotherapy) is critically needed for patient care. However, 
we could not find sufficient consistent data from studies of 
long-term therapy to resolve these issues. 

The community of experts in TH therapy remain divided 
over T 4 monotherapy and LT 4 /LT 3 combination therapy and 
even formulations of T 4 . This is creating problems in patient 
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care, patient trust, and informed consent. The thyroid clinical 
community has an ethical obligation to disturb clinical 
equipoise regarding TH therapy in order to set a consistent 
standard of care that does not lead patients to question be¬ 
neficent care. A robust RCT (power =80%) has yet to be 
conducted that recruits from a representative population of 
hypothyroid patients worldwide; tests therapies at dosages 
that cannot be disputed; accounts for regional disparities; 
discloses no potential conflicts of interest; and continues long 
enough for results to be replicated and to “resolve the dispute 
among clinicians” (582). 

Design Criteria, in addition to incorporating clinically 
meaningful endpoints, ought to include the following (582): 

• Who is enrolled? Clinical equipoise requires a repre¬ 
sentative sample of the target clinical population. One 
must be able to generalize the results to the conditions 
of clinical practice across health care systems and 
countries; narrow trials designed to resolve some the¬ 
oretical question may render it useless for influencing 
clinical decisions, even if successfully completed. For 
example, studies performed in white males may not be 
applicable to women or minorities. There may be 
dosing discrepancies based on the pharmacogenetics of 
groups typically excluded from clinical trials. 

• Sample size: If the sample is too small, it’s unlikely to 
answer the question. A robust RCT (power =80%) 
would be likely to disturb equipoise even if the RCT 
result was “negative.” 

• What gets tested? Clinical equipoise requires honest, 
professional disagreement as to the preferred treatment: 
standard of care (monotherapy) versus new treatment 
(combination therapy) at dosages that are chosen based 
upon strong preliminary “proof-of-concept” data, and 
using doses and formulations that would not be con¬ 
tested by its proponents (584). 

• When will the study be complete? The RCT ought to 
continue until sufficient evidence has been gathered to 
“resolve the dispute among clinicians” (582). This 
includes replication of results. 

• Conflicts of interest: real or perceived. Studies receiv¬ 
ing funding from a company with a financial interest in 
the study outcome may not disturb clinical equipoise 
due to perceived bias. Clinicians may also wish to be 
aware of the funding received from pharmaceutical 
companies by journals in which studies are published. 

N-of-1 trials. N- of-1 trials have been referenced in other 
reviews on this topic (5). In the few meta-analyses that have 
reviewed /V-of-1 trials (585), few even meet the criteria for an 
institutional review board (IRB)-approved study; most fall 
into the category of innovative therapy, which in the TH 
context is sometimes called “individualized” combination 
therapy. Innovative therapy refers to a nonstandard or even 
experimental therapy designed to optimize beneficent care 
for one individual patient and is not intended for generaliz- 
able knowledge. Such studies may also report “measurable 
effects” in individual patients that have no clinical signifi¬ 
cance. iV-of-1 trials may be useful for “enhancing therapeutic 
precision” or evaluating individual treatment effects for a 
patient (585). In order to be generalizable, a valid A-of-1 trial 
is a well-designed, IRB-approved multiple cross-over study 


conducted with informed consent in a single individual as a 
tool to estimate the heterogeneity of treatment effects in a 
population. To date, no A-of-1 studies in thyroidology meet 
this criteria; all of the /V-of-1 trials evaluated in the thyroid 
literature meet the standard of innovative therapy. Innovative 
therapies do not require IRB approval if data are not being 
collected for the purpose of generalizable knowledge and 
publication, and they are ethically permissible. Investigators 
who are using innovative therapies, in contrast to a situation 
in which an N-of -1 trial is being conducted, are not truly 
engaged in research. Thus, any reports of innovative thera¬ 
pies cannot be used to validate or refute evidence, nor does 
innovative therapy resolve clinical equipoise. 

Wilson’s Syndrome 

19. Is there evidence for the existence 
of “Wilson’s temperature syndrome” 
and a rationale for use of escalating doses 
of triiodothyronine? 

■ RECOMMENDATION 

There are no credible scientific data to support the exis¬ 
tence of ‘ ‘Wilson’s syndrome” and we recommend against 
the use of triiodothyronine escalation therapy for this in¬ 
dication, due to a lack of proven treatment benefit and 
safety concerns relating to the risk of thyrotoxicosis. 

Strong recommendation. Low-quality evidence. 

Discussion of the clinical literature 
Wilson’s syndrome or Wilson’s temperature syndrome is 
described as having the hallmarks of fatigue, anxiety, de¬ 
pression, headaches, insomnia, and muscle aches, with a low 
body temperature being the feature that distinguishes it from 
chronic fatigue syndrome (586-588). The ATA statement on 
“Wilson’s Syndrome” was updated on May 24, 2005 (589). 
The summary statement is as follows: 

The American Thyroid Association has found no scientific 
evidence supporting the existence of “Wilson’s syndrome. ” The 
theory proposed to explain this condition is at odds with es¬ 
tablished facts about thyroid hormone. Diagnostic criteria for 
“Wilson’s syndrome” are imprecise and could lead to misdi¬ 
agnosis of many other conditions. The T 3 therapy advocatedfor 
“Wilson ’.s syndrome” has never been evaluated objectively in a 
properly designed scientific study. Furthermore, administration 
ofT 3 can produce abnormally high concentrations ofT 3 in the 
blood, subjecting patients to new symptoms and potentially 
harmful effects on the heart and bones. 

The ATA supports efforts to learn more about the causes of 
somatic symptoms that affect many individuals, to test rigor¬ 
ously the idea that some as yet unidentified abnormality in 
thyroid hormone action might account for even a small subset 
of these symptoms, and to pursue properly designed clinical 
trials to assess the effectiveness of lifestyle, dietary, and 
pharmacological treatments for these common ailments. 
However, unsupported claims, such as those made for “Wil¬ 
son’s syndrome, ” do nothing to further these aims. 

The task force reviewed this statement and performed a 
current literature review. As part of this review, the task force 
reviewed the Wilson’s Syndrome Doctor’s Manual (587). In 
addition, the posting from Wikipedia, the free encyclopedia, 
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was also reviewed to determine what information the public 
has access to (590). The task force believes that the prior ATA 
statement accurately reflects our current state of knowledge. 
The protocol recommended by Dr. Wilson on his website 
remains of great concern, given that protocol describes es¬ 
calating a dose of compounded T 3 from 7.5 fig twice daily by 
15 fig increments. A patient taking 7.5 fig T 3 twice a day and 
increasing the dose by 15 fig every day could potentially 
suffer serious iatrogenic T 3 thyrotoxicosis. For example, see 
the section “patient death and medical license suspension” 
from the Wikipedia article on Wilson’s syndrome. 

A review article published since the 2005 ATA statement 
was identified (586). However, this article provided only the 
results of uncontrolled trials in support of T 3 therapy, in¬ 
cluding an in-house trial of T 3 therapy for chronic fatigue 
syndrome. It also quoted an uncontrolled trial of T 3 therapy in 
individuals with persistent symptoms while taking LT 4 per¬ 
formed prior to the availability of TSH monitoring (591). See 
also recommendation 16 for a discussion of compounded 
THs and recommendation 18 regarding the ethics of trials for 
the therapy of hypothyroidism. An ongoing dialogue with 
patients affected by the symptoms outlined on the Wilson’s 
temperature website is essential. To quote from an article by 
Dr. Weetman (250), “communication lies at the heart of 
managing patients whose health problems cannot be ex¬ 
plained and the focus should be on the patient’s concerns, the 
relief of symptoms and the avoidance of alienation.” 

SECTION III. HOSPITALIZED PATIENTS 
Levothyroxine in Hospitalized Patients 

20a. In hospitalized but not critically ill patients 
with known pre-existing hypothyroidism, should 
levothyroxine therapy be re-evaluated based 
on an elevated serum thyrotropin measurement? 

■ RECOMMENDATION 

In hospitalized patients with a pre-established diagnosis of 
hypothyroidism who are found to have an elevated thy¬ 
rotropin measurement, consideration should be given to 
institution or adjustment of levothyroxine replacement. 
Factors such as the degree of clinical and biochemical 
hypothyroidism, active comorbidities, and details of ad¬ 
ministration of levothyroxine (e.g., dosage, timing, and 
other factors impacting absorption) are relevant consider¬ 
ations in this situation. 

Strong recommendation. Low-quality evidence. 

20b. In hospitalized but not critically ill patients 
in whom levothyroxine replacement is instituted 
or increased, should the therapeutic goal 
be normalization of serum thyrotropin? 

■ RECOMMENDATION 

The therapeutic goal of levothyroxine replacement in non- 
critically ill patients is long-term normalization of serum 
thyrotropin when steady-state thyroid hormone levels are 
achieved. We do not recommend titrating the levothyroxine 
dose to serum free thyroxine levels unless serum thyrotropin 
cannot be relied upon (e.g., following pituitary surgery). 

Strong recommendation. Low-quality evidence. 


20c. In hospitalized but not critically ill patients 
treated with levothyroxine replacement what 
formulation and route of administration are 
recommended? 

■ RECOMMENDATION 

For hospitalized but not critically ill patients, oral le¬ 
vothyroxine treatment is recommended. If this is not fea¬ 
sible, other enteral routes can be used. However, if there 
are concerns about significant malabsorption or there are 
other clinical reasons why a patient cannot be given enteral 
levothyroxine, intravenous levothyroxine may be admin¬ 
istered, until enteral absorption improves. If using intra¬ 
venous levothyroxine, the equivalent intravenous dose is 
approximately 75%, assuming the enteral levothyroxine 
dose had achieved euthyroidism. 

Weak recommendation. Low-quality evidence. 

20d. In hospitalized but not critically ill patients 
about to be treated with levothyroxine should the 
possibility of adrenal insufficiency be excluded? 

■ RECOMMENDATION 

For hospitalized but not critically ill patients who are about 
to be treated with levothyroxine, the possibility of adrenal 
insufficiency should be considered. If there is sufficient 
clinical or biochemical evidence to consider this diagnosis, 
adrenal insufficiency should be ruled out or empiric 
treatment should be provided. 

Strong recommendation. Low-quality evidence. 

Discussion of the clinical literature 

When a patient with pre-existing hypothyroidism is admit¬ 
ted to the hospital, it is not unusual to find that TSH levels are 
abnormal. The clinician must carefully investigate whether 
factors prior to the admission and/or factors relating to the 
admission itself are complicating the treatment of hypothy¬ 
roidism; for example, omission of doses of LT 4 or adminis¬ 
tration of medications that interfere with its absorption. When 
the patient is not critically ill, this process is usually straight¬ 
forward. Best practice in this case is based on logic and ob¬ 
servational studies or cases series, rather than clinical trials. 

The situation is considerably more complicated if a patient 
with pre-existing hypothyroidism develops a separate critical 
illness. The nonthyroidal illness syndrome (NTIS) (also 
known as the sick euthyroid syndrome or the low T 3 syn¬ 
drome) occurs when patients with normal thyroid function 
become critically ill; in this setting, a progressive depression 
of the thyroid axis occurs such that circulating T 3 decreases, 
followed by declines in serum TSH and/or T 4 , and then de¬ 
clines in FT 4 in some sicker patients (592,593). In current 
practice, these patients are not treated with TH replacement 
(see recommendation 22 regarding NTIS). 

In contrast, patients with established hypothyroidism are 
maintained on TH when they become critically ill, even though 
they too may exhibit the physiologic changes of NTIS. This is 
logical, since untreated hypothyroidism itself can lead to 
critical illness in the form of myxedema coma. A rise in TSH 
during the worsening stages of critical illness is typically in¬ 
dicative of TH deficiency, and TH replacement is thus 
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instituted or increased until TSH normalizes. Interpretation of 
thyroid function tests is more complicated in the intensive 
care unit (ICU) setting because of medication effects on the 
hypothalamic-pituitary axis. For example, dopamine and do- 
butamine may lower serum TSH, such that some patients with 
primary hypothyroidism could be under-replaced if following 
a TSH-dependent dosing scheme. LT 4 may need to be given 
intravenously in the ICU setting since malabsorption can occur 
not only as a result of gastrointestinal disease, but also because 
of iatrogenic factors such as the use of PPIs and specialized 
tube feedings. If using intravenous LT 4 , the equivalent intra¬ 
venous dose is approximately 75%, assuming the enteral LT 4 
dose had achieved euthyroidism. 

It should be noted that increased LT 4 replacement therapy 
may lead to TSH normalization without normalization of T 3 
(594), presumably due to accelerated metabolism of T 3 . 
However, as the NTIS is considered adaptive, logic dictates 
that “correction” of the low T 3 may not be an appropriate 
goal of replacement, even for patients with a known his¬ 
tory of hypothyroidism being maintained on LT 4 . Indeed, 
using LT 3 for replacement is problematic because the ap¬ 
propriate target range for serum T 3 is not defined in this 
setting; furthermore, high doses of T 3 have been linked to 
adverse outcomes (595). High-quality randomized placebo 
controlled trials of various TH regimens in NTIS addressing 
whether thyroid axis derangements are adaptive or patho¬ 
physiologic are needed but would be challenging to design. 
As patients recover from their critical nonthyroidal illness, a 
rebound in TSH can occur. Thus, proper dose adjustment 
requires serial TSH measurements and correlation with 
overall clinical status. 

The possibility of adrenal insufficiency must also be con¬ 
sidered in this setting, since treatment of hypothyroidism 
might accelerate cortisol metabolism (596). There are case 
reports of adrenal insufficiency unmasked by TH (597,598). 

Myxedema Coma 

21a. In patients with myxedema coma being 
treated with levothyroxine, what route 
of administration should be used? 

■ RECOMMENDATION 

Initial thyroid hormone replacement for myxedema coma 
should be levothyroxine given intravenously. A loading 
dose of 200-400 fig of levothyroxine may be given, with 
lower doses given for smaller or older patients and those 
with a history of coronary disease or arrhythmia. A daily 
replacement dose of 1.6/rg/kg body weight, reduced to 
75% as long as it is being intravenously administered, can 
be given thereafter. Oral therapy or other enteral therapy if 
the oral route cannot be employed may be instituted after 
the patient improves clinically. 

Strong recommendation. Low-quality evidence. 

21b. In patients with myxedema coma being 
treated with levothyroxine, should empiric 
glucocorticoid coverage be provided? 

■ RECOMMENDATION 

Empiric glucocorticoid coverage should be employed as part 
of the initial therapy for myxedema coma, with intravenous 


glucocorticoid administration, at doses appropriate for the 
stressed state, preceding levothyroxine administration. 

Strong recommendation. Low-quality evidence. 

21c. In patients with myxedema coma being 
treated with levothyroxine, should liothyronine 
therapy also be initiated? 

■ RECOMMENDATION 

Given the possibility that thyroxine conversion to triio¬ 
dothyronine may be decreased in patients with myxedema 
coma, intravenous liothyronine may be given in addition to 
levothyroxine. High doses should be avoided given the 
association of high serum triiodothyronine during treat¬ 
ment with mortality. A loading dose of 5-20 fig can be 
given, followed by a maintenance dose of 2.5-10 fig every 
8 hours, with lower doses chosen for smaller or older pa¬ 
tients and those with a history of coronary artery disease or 
arrhythmia. Therapy can continue until the patient is 
clearly recovering (e.g., until the patient regains con¬ 
sciousness and clinical parameters have improved). 

Weak recommendation. Low-quality evidence. 

21 d. In patients with myxedema coma being 
treated with levothyroxine, what therapeutic 
endpoints should be targeted? 

■ RECOMMENDATION 

Intravenous levothyroxine treatment in severely hypothy¬ 
roid patients may lead to improvement in cardiovascular, 
renal, pulmonary, and metabolic parameters within a week. 
Serum thyroxine and triiodothyronine concentrations may 
improve or normalize with a similar time frame, with more 
gradual improvement in serum TSH. Thus, the therapeutic 
endpoints in myxedema coma should be improved mental 
status, improved cardiac function, and improved pulmonary 
function. Measurement of thyroid hormones every 1-2 days 
is reasonable to ensure a favorable trajectory in the bio¬ 
chemical parameters. While optimal levels for serum TSH 
and thyroid hormones are not well defined in this circum¬ 
stance, failure of TSH to trend down or for thyroid hormone 
levels to improve could be considered indications to increase 
levothyroxine therapy and/or add liothyronine therapy, 
whereas high serum triiodothyronine could be considered an 
indication to decrease therapy given safety concerns. 

Weak recommendation. Low-quality evidence. 

Discussion of the clinical literature 
In the extreme case of myxedema coma, the literature 
clearly supports the use of TH replacement as the disease has 
a high mortality rate (595,599). There are case reports dem¬ 
onstrating death without treatment (600-602). In the setting 
of myxedema coma TH therapy should be instituted, or in¬ 
creased if a patient is already receiving treatment. LT 4 should 
be given initially. LT 3 can be given as well, though case 
series suggest that higher doses of LT 3 may be associated 
with adverse outcomes (595). 

Therapy can and should be instituted based on clinical 
suspicion alone and should not be delayed while waiting for 
blood test results. If the patient has been taking TH, it must be 
assumed that the dose or route is inappropriate, and more 
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aggressive replacement instituted immediately. In this set¬ 
ting, primary hypothyroidism may itself be the inciting cause 
of critical illness or might complicate a nonthyroidal critical 
illness if unrecognized and untreated (603). Thyroid hormone 
replacement is vital for the survival of these patients, even 
though the NTIS physiology still applies; because hypothy¬ 
roidism is considered a primary motivator of illness in this 
setting, concerns about abnormal T 4 to T 3 conversion become 
relevant, and replacement with LT 3 may be more reasonable. 

It must be remembered that the degree of TSH elevation 
may not be an accurate indicator of the severity of the hy¬ 
pothyroidism based on the wide range of serum TSH values 
seen in myxedema coma (595), possibly due to variable 
suppression of the hypothalamic-pituitary axis by the illness. 
Also, a lesser magnitude of TSH elevation may be seen in 
older patients (366), at least in the outpatient setting. An 
inappropriate TSH may also be seen if hypothyroidism is 
caused by TSH deficiency (e.g., secondary hypothyroidism in 
patients with panhypopituitarism). 

Initial TH replacement for myxedema coma should be LT 4 
given intravenously. A loading dose of 200-400 fig of LT 4 
may be given, with lower doses given for smaller or older 
patients and those with a history of coronary disease or ar¬ 
rhythmia. A daily replacement dose of 1.6/zg/kg body 
weight, reduced to 75% as long as it is being intravenously 
administered, can be given thereafter. 

A study of a group of hypothyroid patients with mean 
serum TSH values of approximately 80mIU/L treated with 
100 fig intravenous LT 4 daily showed normalization of TH 
levels in 4 days, with significant improvement in serum TSH 
and other clinical parameters within a week (604). These 
dramatic improvements occurred without a loading dose of 
LT 4 . With administration of a loading dose in patients with 
myxedema coma, there may be a greater increase in T 4 and T 3 
based on the dose administered, the volume of distribution, 
and the occupancy of binding proteins. Therapeutic end¬ 
points to target would mainly be those clinical parameters 
related to the various organ systems affected; for example, 
mental status, temperature, respiratory function, cardiovas¬ 
cular status, electrolytes, and biochemical measures of thy¬ 
roid status. While equilibrium levels of TSH would not be 
anticipated until well after clinical improvement should be 
seen, serially measuring the serum TSH, FT 4 or T 4 , and T 3 in 
patients being treated for myxedema coma could provide 
supportive evidence that the therapy is working and could 
ensure that very high levels of T 3 are avoided. In addition, 
checking the serum T 4 and T 3 concentrations 1-2 days after 
initiation of therapy will allow assessment of the response to 
the loading dose. Therapy should be aggressive: if the clinical 
picture is not improving, LT 4 could be increased and/or LT 3 
could be increased or added. Safety concerns include tachy¬ 
cardia, arrhythmia, and myocardial infarction. Oral therapy 
or other enteral therapy if the oral route cannot be employed 
may be instituted after the patient improves clinically. 

Given the possibility that T 4 conversion to T 3 may be 
decreased in patients with myxedema coma, intravenous LT 3 
may be given in addition to LT 4 . High doses should be 
avoided given their association with mortality (595). A 
loading dose of 5-20 fig can be given, followed by a main¬ 
tenance dose of 2.5-10 fig every 8 hours, with lower doses 
chosen for smaller or older patients and those with a history 
of coronary artery disease or arrhythmia. If intravenous 


therapy with LT 3 is initiated, there are no data addressing 
optimum duration of such therapy. However, it would seem 
reasonable to continue intravenous therapy with LT 3 until 
there is a clinical response that indicates that the patient is 
clearly recovering, such as regained consciousness, improved 
mental status, improved pulmonary function, improved car¬ 
diac function, and improvement of clinical parameters. Use 
of intravenous LT 3 monotherapy administered at doses of 
either 25 or 50 fig daily in hypothyroid patients with serum 
TSH values in the range of 68-81 mlU/L lead to normaliza¬ 
tion of various cardiovascular, pulmonary, and metabolic 
parameters within a week (605). TSH values decreased sig¬ 
nificantly within the same time period, although less so than 
the TSH response to intravenous LT 4 observed by the same 
authors in a similar cohort of patients (604). 

Given the rarity of myxedema coma, randomized clinical 
trials are not feasible, and so recommendations regarding the 
type, route, and outcomes measures for replacement are based 
solely on expert opinion and case reports (595,599,606-619). 
In addition to aggressive TH replacement, it is widely accepted 
that supportive measures directed at treating hypothermia, 
hypoventilation, and hyponatremia are important. In addition 
to supportive measures for hypothermia, hypoventilation, 
volume depletion, hypoglycemia, and hyponatremia, most 
clinicians favor empiric treatment of concomitant conditions. 
Empiric glucocorticoid therapy at stress doses should be ini¬ 
tiated at the start of therapy for myxedema coma. Serum 
cortisol should ideally be measured prior to initiation of ther¬ 
apy. Empiric broad-spectrum antibiotic coverage should be 
administered if sepsis is in the differential diagnosis. 

Low Triiodothyronine Concentrations 
in Hospitalized Patients 

22a. In hospitalized adult patients exhibiting the 
“nonthyroidal illness syndrome, ” should thyroid 
hormone replacement be instituted with 
levothyroxine? 

■ RECOMMENDATION 

We recommend against the use of levothyroxine as a form 
of therapy for hospitalized patients experiencing critical 
illness exhibiting the nonthyroidal illness syndrome. The 
few randomized controlled trials comparing levothyroxine 
therapy to no treatment have not shown significant clinical 
benefit, and have raised safety concerns that limit support 
for this approach. 

Strong recommendation. Moderate quality evidence. 
22b. In hospitalized adult patients exhibiting 
the “nonthyroidal illness syndrome, ” should 
thyroid hormone replacement be instituted 
with liothyronine? 

■ RECOMMENDATION 

We recommend against the use of liothyronine as a form of 
therapy for hospitalized patients experiencing critical ill¬ 
ness exhibiting the nonthyroidal illness syndrome. Al¬ 
though low doses of liothyronine have not been linked to 
harm in clinical trials, data showing any significant clinical 
benefit are also lacking. 

Weak recommendation. Moderate quality evidence. 
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Mechanistic background 

There seem to be differences between the acute and 
chronic phases of critical illness (28). During acute illness 
there are changes in TH binding, alteration in TH uptake by 
cells, decreased T 4 to T 3 conversion due to the effects of 
endogenous circulating cortisol, cytokines, free fatty acids, 
and various drugs on Dl. There may also be increased T 3 
catabolism due to changes in the deiodinases, namely D3, in 
peripheral tissues. All these effects lead to low circulating T 3 
levels. As illness becomes more prolonged, superimposed 
upon these changes is central suppression of the hypotha¬ 
lamic pituitary axis, with decreases in circulating TSH 
and T 4 . 

While decreased T 4 to T 3 conversion has been posited as 
an etiologic cause of the NTIS, more recent data suggest that 
increased T 3 catabolism because of ectopically up-regulated 
D3 in tissues such as liver, skeletal muscle, and heart has a 
greater impact in lowering T 3 (26). Studies in animal models 
have linked D3 induction to hypoxia, with direct up-regulation 
of the D3 gene by hypoxia-inducible factor 1, the major 
regulator of the hypoxic response (363,620,621). 

The underlying physiology of chronic NTIS involves a 
down-regulation of the hypothalamic-pituitary-thyroid axis 
such that production and release of THs decrease as the 
degree of illness worsens (622). Similar changes in circu¬ 
lating iodothyronines are seen regardless of the etiology of 
the underlying illness; most authorities have interpreted this 
teleologically to indicate that the depression of the axis 
represents a physiologic response, though dissenting voices 
exist. A minority view holds that the changes seen, while 
perhaps a common pathway, are nonetheless pathologic 
(623,624). The literature regarding mechanisms of the NTIS 
is based largely on rodent studies. Several important steps 
may ultimately lead to the NTIS. For example, caloric re¬ 
striction leads to decreased leptin signaling, which in turn 
reduces TRH and TSH production (625,626). Animal models 
of NTIS featuring either caloric restriction or endotoxin 
administration have been associated with increased D2 ex¬ 
pression and activity in the mediobasal hypothalamus. An 
increase in D2-mediated T 4 to T 3 conversion would be ex¬ 
pected to increase the local supply of T 3 , thus decreasing 
TRH and TSH production rates (627). An increase in D2- 
mediated T 4 to T 3 conversion would be expected to increase 
the supply ofT 3 to important regulatory centers in the brain 
controlling the thyroid axis. 

The extent to which central hypothyroidism, versus re¬ 
duced Dl activity, and increased D3-mediated clearance in 
peripheral tissues cause NTIS remains to be determined, but 
one study of critically ill patients in which central hypothy¬ 
roidism was corrected via TRH infusion suggests that the 
central effect predominates (622). Furthermore, a complete 
understanding of NTIS will not be possible without further 
studies of the effects of illness-related cytokine fluxes on TH 
binding, transport, and tissue activation, particularly in the 
settings of both acute inflammation and chronic severe illness 
(28,628). 

Discussion of the clinical literature 

As patients with normal thyroid function become critically 
ill, a progressive decline in circulating T 3 is observed, fol¬ 
lowed by decreases in serum T 4 and TSH if the clinical course 
does not improve. This stereotypic pattern, known as NTIS or 


alternatively “euthyroid-sick syndrome,” occurs without 
regard to the etiology of the primary illness, suggesting a 
physiologic, adaptive role. At the same time, since untreated 
hypothyroidism can itself lead to critical illness in the form of 
myxedema coma, debate continues as to whether NTIS pa¬ 
tients might benefit from TH replacement. 

Data from RCTs are limited, with studies involving 
relatively small numbers of patients suffering from het¬ 
erogeneous life-threatening illnesses. These trials have 
failed to show benefits as far as major clinical endpoints 
such as survival are concerned, though it must be noted that 
their statistical power has typically been low. In some 
cases, replacement has been linked to harm, in particular 
with higher doses of LT 3 , and one study showed increased 
mortality with LT 4 therapy in patients with acute renal 
failure (629). On the other hand, lower doses of LT 3 have 
been suggested to alter certain clinical parameters in ways 
that could potentially be beneficial. In current practice, 
most clinicians interpret the data as not favoring TH re¬ 
placement, and accept as dogma that NTIS is an adaptive 
process. 

In order to evaluate whether hospitalized patients in the 
ICU with NTIS should be treated with LT 4 or LT 3 , we first 
had to define which group of patients should be included. 
Given that our focus is adult patients in the ICU, we excluded 
studies of pediatric patients (less than 17 years old), brain 
dead potential organ donor patients (as this is a very specific 
clinical situation), and fasting patients. We excluded studies 
of perioperative (cardiac surgery) LT 3 therapy from this 
section, since most of these studies included patients being 
given dopamine, which is known to suppress TSH and can 
cause iatrogenic hypothyroidism (630). 

Randomized controlled data are limited with regards to 
this clinical question. Review of 10 recent review articles 
indicates that a large majority of experts do not advocate the 
initiation of LT 3 therapy in this clinical setting (28,356,447, 
624,631-636). 

Kaptein et al. (447) have performed comprehensive re¬ 
views of this subject, published in 2009. They also performed 
a review of the postoperative literature in 2010 (632). They 
excluded studies that examined patients less than 18 years of 
age [except for Brent and Hershman (637)], studies of peri¬ 
operative patients, studies with before and during study de¬ 
sign, and studies of TH use for less than 24 hours. They also 
excluded studies for “data not extractable or end-points not 
included” as well (discussed later). Thus the results of seven 
RCTs (629,637-642), the most recent of which was pub¬ 
lished in 2004 were included. Five of the studies utilized LT 4 
(629,637,639-641), and two utilized LT 3 (638,642) (see 
Table 9). PubMed search of the literature revealed no relevant 
studies published since the Kaptein review. 

Therefore, recommendation 22b regarding the use of LT 3 
in critically ill subjects is based on only two published studies 
identified by Kaptein and colleagues (447). Becker et al. 
(638) studied bum patients (14 controls, 14 treated) in 1982, 
with the finding that 200 pg oral LT 3 did not alter mortality 
(four patients died in each group) or the high metabolic rate 
typically observed in bum patients. In 2004 Sirlak et al. (642) 
treated patients (40 controls, 40 treated) with 125 pg LT 3 or 
placebo daily orally for 7 days prior to coronary artery bypass 
surgery and continued therapy until discharge. T 3 levels were 
higher in the treated group before surgery and after (but were 
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Table 9. Characteristics of Randomized Controlled Trials Comparing “Clinical Endpoints” 
in Hospitalized Patients Treated with Either LT 3 or LT 4 


Reference 

Treatment dosing 

Patient population 

Design 

No. of patients 
randomized 

638 

T 3 : 200 pg/d 

Dosing: once daily 

Bum patients 

Parallel, blinded 

28 

637 

T 4 : 1.5/rg/kg 

Dosing: once daily 

Mixed ICU patients 

Parallel, unblinded 

23 

640 

T 4 : 100 pg/d 

Dosing: once daily 

Cardiomyopathy 

Parallel, blinded 

20 

639 

T 4 : 100 pg/d 

Dosing: once daily 

Cardiomyopathy 

Parallel, blinded 

20 

644 

T 4 : 150 pg/d 

Dosing: twice daily 

Acute renal failure 

Parallel, blinded 

59 

641 

T 4 : 50 pg/d 

Dosing: once daily 

CHF III/IV 

Parallel, unblinded 

28 

642 

T 3 : 125 pg/d 
versus placebo 

Cardiac surgery patients 

Parallel, blinded 

80 


CHF, congestive heart failure; ICU, intensive care unit. 


similar during cardiopulmonary bypass). Inotropic require¬ 
ments were decreased in the T 3 group. Length of ICU stay 
was decreased in the T 3 group. Three patients died in each 
group. Atrial fibrillation was not increased in the T 3 group. 
Morbidity and mortality were otherwise unaffected. 

One notable study by Pingitore and colleagues (643) 
published in 2008 was excluded by the Kaptein et al. (447) 
analysis for “data not extractable.” The endpoints were he¬ 
modynamic and neurohormonal testing. This trial (10 con¬ 
trol, 10 T 3 treated) employed intravenous infusion of LT 3 for 
3 days such that levels were higher than normal on day 1, then 
normal. No adverse outcomes were reported with T 3 . It 
should be noted that studies with LT 3 administration <24 
hours were omitted from the analysis by Kaptein et al., as 
were patients treated with LT 3 in the perioperative period (in 
subjects who may or may not have had NTIS). However, 
these studies are, nevertheless, cited by other authors to 
support the potential safety of short-term LT 3 replacement. 
For example, Acker et al. (644) studied patients with delayed 
graft function in cadaveric renal transplantation, finding the 
intravenous infusion of LT 3 (to levels still within the refer¬ 
ence range) for 24 hours had no effect on the course, either 
beneficial or with regards to morbidity and mortality. This 
was excluded from the review by Kaptein et al. given the 
short duration of therapy. 

De Groot’s review (624) suggests that if LT 3 therapy is to 
be initiated, it should be at a “replacement dose” of ap¬ 
proximately 50 pg/d in divided doses. This is much lower 
than used in the two trials previously mentioned (638,642). 
The review also suggests that T 3 be followed and adjusted 
such that it is “at least low normal” before the next scheduled 
dose. De Groot (624) also advocates starting LT 4 , though no 
data for use of combination therapy in this situation could be 
identified. Interestingly, one postmortem study analyzing 31 
patients that had died in the ICU and had been treated with 
150 pg T 4 and 0.6 pg T 3 /kg daily compared to 48 patients that 
had not been treated with THs, provided clear evidence for 
tissue specific regulation of tissue T 4 and T 3 concentrations in 
critical il ln ess (645). Patients treated with T 4 and T 3 had 
approximately 1.5 times higher levels of serum and muscle 


T 3 , whereas liver T 3 concentrations were more than 4 times 
higher in patients receiving T 4 and T 3 therapy. However, this 
study did not address any potential benefits of TH use be¬ 
cause all subjects died in the ICU, and there was no appro¬ 
priate control group directed to answering this question. 

22c. In hospitalized adult patients with cardiac 
dysfunction, such as advanced heart failure, 
and low serum triiodothyronine concentrations, 
should thyroid hormone replacement 
be instituted with liothyronine? 

■ RECOMMENDATION 

We recommend against the routine use of liothyronine as a 
form of therapy for hospitalized patients with heart failure 
and low serum triiodothyronine concentrations given the 
mixed data from short-term trials, the hypothetical risks, 
and pending further randomized trials confirming benefit 
and safety. 

Weak recommendation. Moderate quality evidence. 

Discussion of the clinical literature 

The clinical findings of both hypothyroidism and hyper¬ 
thyroidism illustrate the dramatic effect of T 3 alterations on 
cardiac output, contractility, vascular resistance, and blood 
pressure, as well as cholesterol metabolism (646). On a cel¬ 
lular level, similar to other tissues, T 3 has both genomic and 
nongenomic effects on the cardiac myocyte. However, car¬ 
diac cells may be more reliant on adequate serum T 3 levels 
for normal function based on data suggesting decreased 
transport of T 4 into the cardiac myocyte (647). The role of T 3 
in cardiovascular disease is highlighted by NTIS in which the 
physiologic response to illnesses such as heart failure are 
characterized by a decrease in total and free T 3 with normal 
T 4 and TSH levels. NTIS is typically considered an adaptive 
response; however, there is continued discussion over whe¬ 
ther LT 3 replacement therapy may be worthwhile in an effort 
to reduce the negative consequences associated with NTIS 
including alterations in cardiac tissue remodeling (646). 
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Hamilton et al. (648) reported on the safety of short-term LT 3 
infusion in 23 patients with advanced heart failure showing 
that administration of LT 3 (cumulative dose 0.15-2.7 /ig/kg) 
was well tolerated with no significant change in heart rate, 
metabolic rate, or core temperature. In addition, the LT 3 in¬ 
fusion was associated with increased cardiac output and re¬ 
duced systemic vascular resistance in patients who received 
the largest dose (648). Subsequently, in the only randomized, 
placebo-controlled study to date, Pingitore et al. (643) re¬ 
ported a similar positive effect of LT 3 on cardiac function in 
20 patients with dilated cardiomyopathy. At a starting dose of 
20 /tg/rrr, adjusted to obtain a normal serum T 3 level, LT 3 
infusion for a 3-day period was associated with an increase in 
left-ventricular end-diastolic volume and stroke volume as 
well as reduced plasma noradrenaline, n-terminal pro-B-type 
natriuretic peptide, and aldosterone when compared to pla¬ 
cebo controls. Again, there was no increase in heart rate or 
other side effects associated with LT 3 therapy (643), but 
cardiovascular outcomes with longer-term therapy are nee¬ 
ded. While these studies are encouraging (649), the question 
remains whether serum T 3 may be better considered as a 
marker of disease status rather than a focus of therapy. The 
recent study by D’Aloia et al. (650) highlights this consid¬ 
eration where short-term dobutamine therapy resulted in 
statistically improved cardiac status associated with reduced 
brain natriuretic peptide reduction and increased FT 3 levels. 

SECTION IV. USE OF THYROID HORMONE ANALOGS 
Thyroid Hormone Analogs and Euthyroid Patients 

23. Should thyroid hormone analog therapy 
be used in euthyroid individuals with non- 
hypothyroid-related medical conditions (such 
as dysiipidemia) based on current evidence? 

■ RECOMMENDATION 

Although preclinical data suggest that the concept of 
thyromimetic use for treatment of non-hypothyroid- 
related medical conditions may be promising, we recom¬ 
mend against the use of such drugs outside of the research 
setting, due to concerns about the lack of clear benefit or 
excessive side effects of currently available preparations. 

Strong recommendation. Low-quality evidence. 

Mechanistic background 

T 3 exerts its genomic effects via binding to its nuclear TRs 
(9). TRs function as hormone-modulated transcription factors, 
and their binding interactions with target genes either activate 
or repress transcription. There are two TR isoforms, TRy. and 
TRf, encoded by separate genes. TR mRNAs can be alterna¬ 
tively spliced; in humans, three main splice variants are found, 
namely TRal, TRa.2, and TR[i2. Of note, these TR isoforms are 
differentially expressed throughout the body such that some 
tissues can be said to be dominant with respect to a given TR 
isoform (8,9). For example, TRf is the prevalent isoform in the 
liver and pituitary, whereas TRy is predominant in the heart, 
brain, and the skeleton. Thyroid hormone analogs may have 
significantly greater affinity for TRf than TRy, in the order of 
22-fold greater for eprotirome (651), 10-fold greater for so- 
betirome (652), 14- to 15-fold greater for KB141 (653) and 


MB07344 (654), and 40-fold greater for GC-24 (655). The 
various TH analogs, their relative selectivity for the TRf, and 
potential uses based on this selectivity are shown in Table 10. 

Thyroid hormone analogs thus have potential clinical utility 
because they may promote tissue-specific effects (656). A 
tantalizing goal of research in this area has been to determine 
whether some of the beneficial effects of T 3 excess can be 
isolated pharmacologically, while avoiding unwanted effects. 
For example, given the predominance of TRf in the liver, it has 
been postulated that selective TRf agonist drugs could be used 
to lower cholesterol without the adverse TRa-driven cardiac 
and skeletal effects that would be seen with pharmacologic T 3 
administration. Animal studies using TRf agonists have veri¬ 
fied that this strategy is indeed possible (657—659). Further¬ 
more, preclinical studies show that highly TRf-selective 
agonists may have other metabolic benefits, such as acceler¬ 
ating energy expenditure in rodents by increasing metabolic 
rate (660,661), reducing body weight (662), and conferring 
protection against diet-induced obesity (660). 

Thyroid hormone analogs have also been studied because 
they may have higher binding affinities for the TRs than does 
T 3 . For example, bindings studies suggest that TRIAC ex¬ 
hibits ~ 3.5-fold greater affinity for TRf and ~ 1.5-fold 
greater affinity for TRy compared to T 3 (579), spurring in¬ 
terest in this compound in the treatment ofRTH (663). On the 
other hand, 3,5-diiodothyropropionic acid (DITPA) is an 
analog with much lower binding affinity for TRs than T 3 
( 664). A number of animal studies have suggested that DITPA 
may have some degree of cardioselectivity, though the 
mechanism is unclear given that this drug binds TRy and TRf 
with similar affinity (664). Studies of DITPA in animals have 
shown some promising effects such as improved left ven¬ 
tricular performance, reduced end-diastolic pressure, and 
cardiac remodeling after myocardial infarction (665,666). 
However, one study ofpostischemic cardiac function showed 


Table 10. The Selectivity and Potential 
Uses of Thyroid Hormone Analogs 


Analog 

Selectivity for 
TRf (compared 
with TRy) 

Potential use 

Eprotirome 

(KB2115) 

22-fold greater 

Cholesterol lowering 

DIPTA 

Equal affinity 

Cholesterol lowering 
Cardiac inotropic 

GC-1 

(Sobetirome) 

10-fold greater 

Cholesterol lowering 
Obesity treatment 

KB141 

14-fold greater 

Cholesterol lowering 

MB07344 

15- fold greater 

Cholesterol lowering 

GC-24 

40-fold greater 

Obesity treatment 

TRIAC 

2- to 3-fold greater 

RTH 

Tetrac 

Metabolized 
to TRIAC 

RTH 

C023 

TRf vs. TRa 
selectivity not 
seen in rodents 

Effects on behavior 
(if TRa-selective) 


DIPT A, 3,5-diiodothyropropionic acid; RTH, resistance to thyroid 
hormone; TRa, thyroid hormone receptor a; TR f, thyroid hormone 
receptor f ; TRIAC, 3,5,3'-triiodothyroacetic acid or tiratricol. 





1726 


JONKLAAS ET AL. 


an increased incidence of arrhythmias during ischemia and 
reperfusion with the use ofDITPA (667). 

Discussion of the clinical literature 

A number of TH analogs have been evaluated in clinical 
trials. While several have shown potentially beneficial effects, 
significant side effects have also been seen that have limited 
enthusiasm with regards to their further development for clin¬ 
ical use. Clinical studies of eprotirome and other TR/1-selective 
agonists or liver-specific TR ligands show consistently that 
there is a therapeutic window through which these drugs lower 
serum cholesterol without significantly affecting cardiovascu¬ 
lar parameters or bone metabolism, and only minimally af¬ 
fecting TH economy (668,669). Eprotirome therapy was 
associated with decreases in serum LDL, apolipoprotein B, 
triglycerides, and Lp(a) lipoprotein when added to statin ther¬ 
apy (668) and given as single therapy in primary hypercho¬ 
lesterolemia (670). However, a recent phase III trial of 
eprotirome for patients with heterozygous familial hypercho¬ 
lesterolemia (NCT01410383) was terminated in February 2012 
after some liver injury was seen in participants and after dog 
toxicology studies revealed that 12 months of exposure to the 
drug led to cartilage damage (671). Although cartilage damage 
was not seen in study participants, these two findings lead the 
company to terminate all clinical trials with this chug (672). 

Sobetirome (GC-1) is a highly selective TR/i agonist that 
currently has an active investigational new drug status. A 
clinical trial started at Oregon Health Sciences University in 
the fall of 2012 (NCT01787578) in patients with X-linked 
adrenoleukodystrophy based on preclinical data indicating that 
T 3 or TRf agonists up-regulate the gene ABCD2\ up-regulation 
of ABCD2 can compensate for the mutation in ABCD1 
(adrenoleukodystrophy gene) carried by these patients. 

DITPA has been tested in two clinical trials focused on its 
potential cardiovascular benefits in heart failure patients. 
Despite the promising effects in animal studies, although 
DITPA improved some hemodynamic parameters, there was 
no overall benefit in patients with congestive heart failure 
(673). In fact, two clinical trials (Titan Pharmaceuticals- 
NCT00103519; VA- NCT00032643) were terminated in 
2006 and 2009, respectively. Another clinical trial of DITPA 
in a heart failure population reported improved body weight 
and LDL levels, but also a high dropout rate and negative 
effects on the skeleton (674). Of interest, DITPA has been 
effective in reversing some of the abnormalities seen in four 
children with MCT8 deficiency treated with this agent on 
compassionate grounds (501). The success of this therapy is 
presumably due to the fact that DITPA can enter brain tissues 
without the need for the MCT8 transporter. 

Two studies of TRIAC have been reported, showing that 
this analog can lower serum FT 4 without a compensatory 
increase in serum TSH, suggesting a suppressive effect on 
TSH secretion. At the same time, plasma LDL and total 
cholesterol levels decreased while serum osteocalcin and 
urinary excretion of calcium and pyridinium cross-links in¬ 
creased (675,676). Should future analogs have specific TSH- 
suppressive potential, they might be useful agents for the 
management of thyroid cancer. 

It should be noted that none of the analogs have been tested 
in large randomized clinical trials in euthyroid individuals, 
and none are FDA approved. Thus, more research is needed 


with new analogs to see if the potential for tissue-specific 
pharmacologic control of TH action can be achieved. 

Thyroid Hormone Analogs and Resistance 
to Thyroid Hormone 

24a. What are the clinical and biochemical goals 
for treatment of patients who have genetic 
syndromes of resistance to thyroid hormone? 

■ RECOMMENDATION 

The therapeutic goals of the treatment of patients with 
genetic syndromes of resistance to thyroid hormone are to 
improve the symptoms caused by excessive TRa signaling, 
while minimizing the symptoms caused by deficient TRf 
signaling. 

Weak recommendation. Low-quality evidence. 

24b. What is the role of thyroid hormone analogs 
in treating patients who have genetic syndromes 
of resistance to thyroid hormone? 

■ RECOMMENDATION 

Although preliminary data from small case series suggest 
that the use of TRIAC in patients with genetic syndromes 
of resistance to thyroid hormone may be promising, more 
clinical research is needed before the use of thyroid hor¬ 
mone analogs can be recommended for this indication. 
Weak recommendation. Low-quality evidence. 

Mechanistic background 

RTH (OMIM identifier # 188570) (677) is a rare genetic 
disease characterized by increased serum levels of THs and 
inappropriately normal or increased TSH (678). RTH is 
caused by inactivating mutations in TRa. (RTHa.) or TRf 
(RTHf). Patients with RTH a. have normal levels of TSH in 
combination with a low FT 4 and high T 3 and suffer from local 
hypothyroidism in tissues that predominantly express TRa 
(376,377). Patients with RTHf have normal or elevated 
levels of TSH despite elevated levels of FT 4 and FT 3 . Symp¬ 
toms in these latter patients are due to a combination of low 
TH action in predominantly TRf-expressing tissues and TH 
overexposure in TRa-expressing tissues (378,379). 

The majority of RTH forms are caused by autosomal 
dominant mutations in the TRf) gene (679), but in a signifi¬ 
cant percentage no mutation was identified (380), suggesting 
that mutations in other loci may cause RTH (680-683). Ap¬ 
proximately 1000 patients in 350families with mutations in 
TRf) have been described to date. These mutations may be 
associated with impaired ability to bind T 3 , and/or may 
prevent the normal TR-mediated gene transactivation. The 
mutant TR (1/corepressor complexes remain bound to the T 3 - 
responsive genes and transcriptional repression cannot be 
lifted by the presence of T 3 . Thus, mutant TRjl molecules 
exhibit a “dominant negative” effect. 

TRf mediates the negative TSH feedback mechanism in the 
pituitary gland. The lack of adequate negative feedback re¬ 
sults in an inappropriately normal or elevated TSH and a 
hyperactive goiter with variable degrees of increased serum 
levels ofT 4 and T 3 . In effect, RTH patients exhibit unbalanced 
hormonal signaling due to the combination of defective TRf 


GUIDELINES FOR THE TREATMENT OF HYPOTHYROIDISM 


1727 


and otherwise normal TRa receptors exposed to supraphy- 
siologic levels of TH. The result is a mix of hyperthyroid 
symptoms and signs arising from organs enriched with the 
TRa such as the heart, skeletal muscle, and brain, and hy¬ 
pothyroid signs related to tissues such as the liver where the 
(1-isoform is predominant (380). 

Hypothetically, a TH analog with a preference for TR[S 
might be useful in treatment ofRTH patients, since it would 
normalize TSH and lower TH production, while normalizing 
TH signaling directly in TR[1 dominant tissues. Treatment 
with TRIAC, which has a higher affinity for TR[l than for TRa 
has been used in a number of patients based on this rationale. 

Discussion of the clinical literature 

Literature on the treatment of RTH is limited to case re¬ 
ports given the rarity of the syndrome. Most patients with 
RTH can be managed symptomatically with selective [1- 
blockers to minimize symptoms of hyperthyroidism arising 
from TRa dominant tissues such as tachycardia and tremor; 
in TR/i-dominant tissues, the excess TH is balanced for the 
most part by the relative insensitivity of the mutant TR/i. 
Quite often, RTH patients are erroneously diagnosed as 
thyrotoxic and treated with radioablation or thyroid surgery 
(684). In such cases, use of LT 4 therapy requires supraphy- 
siological dosing if TR/i-dominant tissues are to be made 
“euthyroid.” However, this will potentially lead to hyper¬ 
thyroidism in the TRa-dominant tissues (685). Thus, LT 4 can 
be combined with f -blockers to prevent TRa-related cardiac 
symptoms (380). Treatment must be individualized, and no 
target TH or TSH value can be defined a priori as adequate 
replacement. Indeed, the replacement therapy should be ad¬ 
justed to the patient’s symptoms and signs. Aside from the 
use of the LT 3 suppression test (Werner’s test) as a diagnostic 
dynamic test to distinguish between RTH and TSH-producing 
adenomas, LT 3 is generally not considered part of therapy, 
although it has been employed as a treatment modality for 
children with RTH also affected by attention deficient hy¬ 
peractivity disorder (686). 

Small case series indicate that the use of TRIAC in RTH is 
effective in suppressing the TSH with no evidence of cardiac 
toxicity (573,687). One case involved a treatment duration of 
3 years (663). Unfortunately, this drug is not currently 
available in the United States. Hence the treatment options 
are limited to LT 4 coupled with cardiac-selective ^-blockers. 
Although not currently tested in humans, TR/i-mutant- 
selective analogs may represent a more targeted therapeutic 
option for the treatment of RTH (688). 

FUTURE DIRECTIONS 

Despite the advances that have occurred in the field of 
therapy for hypothyroidism, there are still many unanswered 
questions. For example, with respect to targeting biochemical 
parameters and achieving amelioration of symptoms and 
patient satisfaction, it is not known whether replicating an 
individual’s set point as opposed to targeting a particular part 
of the laboratory reference would be beneficial. Even if this 
approach did optimize therapy, there is no current routine 
means of determining an individual’s set point in advance of 
them developing thyroid dysfunction, precluding replication 
of these parameters during subsequent therapy. Similarly, it is 
possible that replication of the endogenous circadian rhythm 


in T 3 may also optimize therapy. However, current exoge¬ 
nous therapies do not reproduce endogenous serum T 4 ex¬ 
cursions or serum T 3 rhythms. 

It has been clearly established that LT 4 therapy results in 
a higher serum TVT 3 ratio than is observed in the non- 
athyreotic state. It is not known whether there is a detrimental 
effect of this abnormal serum T 4 /T 3 ratio. For example, be¬ 
cause T 4 is a primary inhibitor of D2 activity, does excessive 
circulating T 4 ultimately lower the activity of D2 and result in 
any adverse consequences? 

Another question relates to the best marker of thyroid 
status. Serum TSH is considered to be the best marker 
currently available. However, there are specific instances 
in which a normal serum TSH may be documented despite 
biochemical parameters indicating that specific tissues are 
in a hypothyroid or hyperthyroid state. In addition, there is 
some evidence that serum T 3 values in the lower part of the 
normal range may not always be reflected by elevated se¬ 
rum TSH values or even serum TSH values in the upper 
part of the normal range (39-43). A related issue, partic¬ 
ularly in specific subpopulations, is that the biologic ac¬ 
tivity of serum TSH is not always concordant with its 
measured concentrations. Of particular note, the questions 
7a-7c raised by task force members, which relate to the 
significance of serum T 3 concentrations and the thyroid 
status of different tissues, could only be addressed with 
summary statements, not formal recommendations, illus¬ 
trating the need for additional studies in these areas. An¬ 
other consideration is that serum T 3 levels are known to be 
affected by age and disease state, adding further difficulty 
to their interpretation. 

Yet another aspect of treatment of hypothyroidism is how 
to assess tissue euthyroidism. Animal studies show that a 
normal serum T 3 is not necessarily accompanied by a normal 
T 3 concentration in all tissues. The ability of tissue T 3 to 
mirror serum T 3 is dependent on the particular tissue’s 
complement of deiodinases. Gene profiling can demonstrate 
the genomic actions of TH within particular tissues. How¬ 
ever, commercially available tests to indicate tissue status in 
humans are not available. 

If the premise that LT 4 does not provide optimum therapy 
for hypothyroidism were true, it would be anticipated that 
some of the many trials of combination therapy would have 
yielded positive results. However, other than an individual 
patient preference for combination therapy seen in some 
trials, there have generally been few benefits documented. 
Moreover, even a study that appeared to show a benefit at 3 
months no longer showed maintenance of this benefit at 12 
months. This is an important consideration given that TH 
therapy is generally lifelong. It is interesting that, assuming 
trials of combination therapy have been driven by a concern 
about low serum T 3 levels, the serum T 3 response has not 
been rigorously assessed in many trials, and restoration of 
serum T 3 levels to “normal” has generally not been an 
endpoint. 

It is possible that trials have not been more successful 
because the correct population has not yet been targeted. This 
target might include those with genetic variants of the deio¬ 
dinases or other TH signaling elements, or those with dis¬ 
proportionately lower serum T 3 levels while taking LT 4 
monotherapy. If iV-of-1 trials were being considered these 
might also logically be conducted in those with low or low- 
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normal serum T 3 concentrations. It is also possible that trials 
of once or twice daily LT 3 therapy added to LT 4 monotherapy 
have not had more positive outcomes because of the non- 
physiologic nature of the LT 3 dosing. A sustained release 
preparation, or even a preparation with a new delivery system 
that mimics the normal diurnal rhythm of serum T 4 and T 3 , 
may be necessary in order to reveal a benefit. Large, pro¬ 
spective, long-term studies examining clinically significant 
outcomes are needed to clarify the optimal formulation or 
combination of formulations of TH replacement therapies 
and which patients may benefit from any specific therapies. 
More research is also needed to identify biomarkers that are 
most strongly associated with clinically relevant endpoints, 
long-term outcomes, and benefits of therapies. In addition to 
studying clinically relevant endpoints in future studies, long¬ 
term parallel studies rather than shorter-term cross-over 
studies may be most helpful. 

Finally, qualitative research may be informative in ex¬ 
ploring the nature of patient preferences for particular TH 
preparations. There is an absence of qualitative research in 
the area of evaluating therapies for hypothyroidism, which 
raises questions about the validity of many of the quantitative 
instruments used in assessing patient well-being on various 
formulations and dosages. Qualitative data are traditionally 
used to form the basis for more precise quantitative instru¬ 
ments; they also help to inform about covert socio-ethical 
barriers to well-being, which may affect how data are col¬ 
lected and/or analyzed. 

Clearly, there have been great advances in the under¬ 
standing and management of TH replacement, but never¬ 
theless more research is needed. Areas in which future 
research should be encouraged include, but are not limited to: 

1) Strategies to avoid iatrogenic thyroid disease in in¬ 
dividuals treated for hypothyroidism 

2) Research into strategies to aid compliance with LT 4 
therapy 

3) Better understanding of maternal-fetal physiology 
during pregnancy with development of improved 
titration of LT 4 therapy in hypothyroid pregnant 
patients 

4) Further studies of soft gel LT 4 capsules to determine 
their proper place in the therapeutic armamentarium 

5) Further study, and improved standardization, of 
compounded formulations of LT 4 and/or LT 3 

6) Development of additional biomarkers of euthyroid- 
ism, which may supplement the use of serum TSH as 
a biomarker 

7) Development of a better understanding of how T 3 
levels are affected by age and disease status, with 
consideration of reference ranges indexed to age and 
health status 

8) Clarification of the relative importance of maintain¬ 
ing specific serum T 3 concentrations 

9) Research into the relationship between serum T 3 and 
T 3 concentrations in specific tissues 

10) Development of more accurate assays to measure 
serum concentrations of FT 3 , total T 3 , and FT 4 

11) Development of a sustained release T 3 preparation 
that can then be prospectively tested in clinical trials 
(e.g., in combination with LT 4 in a physiologic ratio 
of about 14:1) 


12) In the absence of the availability of a sustained re¬ 
lease T 3 preparation, study of when, if ever, the use 
of LT 3 would be beneficial in selected patients with 
apparent decreased T 4 to T 3 conversion and dispro¬ 
portionately low serum T 3 levels 

13) Long-term outcome research using thyroid extracts 
that includes documentation of the consequences of 
excursions in serum T 3 concentrations 

14) Development of TH analogs with a favorable benefit 
to risk profile 

15) Pursuit of research into developing thyroid stem cells 
as a potential avenue for understanding thyrocyte 
physiology and as a possible future treatment for 
hypothyroidism. 

Answers to questions such as these will advance our under¬ 
standing of how to effectively and completely reverse the 
derangements that are a hallmark of untreated hypothyroid¬ 
ism, and will contribute to our ability to improve the lives of 
our patients with hypothyroidism. 
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3,5-T 2 = 3,5-Diiodothyronine 
AACE = American Association of Clinical 
Endocrinologists 

ACE = Angiotensin-converting enzyme 
ACP = American College of Physicians 
AITD = Autoimmune thyroid disease 
ATA = American Thyroid Association 
AUC = Area under the curve 
BMI = Body mass index 
CAD = Coronary artery disease 
CH = Congenital hypothyroidism 
Cmax = Maximum concentration 
D1 =Deiodinase type 1 
D2 = Deiodinase type 2 
D3 = Deiodinase type 3 
DIOl — Deiodinase type 1 gene 
DI02 = Deiodinase type 2 gene 
DIO3 = Deiodinase type 3 gene 
DITPA = 3,5-Diiodothyropropionic acid 
ETA = European Thyroid Association 
FDA = U.S. Food and Drug Administration 
FT 3 =Free triiodothyronine 
FT 4 = Free thyroxine 
GH = Growth hormone 
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GW AS = Genome-wide association studies 
HDL = High-density lipoprotein 
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IRB = Institutional review board 
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LDL = Low-density lipoprotein 
LT 3 = Liothyronine 
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RTH = Resistance to thyroid hormone 
RTHa = Syndrome of resistance to thyroid hormone with 
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: Thyroid hormone receptor-a 
: Thyroid hormone receptor -ft 
■■ Thyrotropin 

: United States Pharmacopeia 





This article has been cited by: 


1. Colin Dayan, Vijay Panicker. 2018. Management of hypothyroidism with combination thyroxine (T4) and triiodothyronine (T3) 
hormone replacement in clinical practice: a review of suggested guidance. Thyroid Research 11:1. . [Crossref] 

2. Ari J. Wassner. 2018. Congenital Hypothyroidism. Clinics in Perinatology 45:1, 1-18. [Crossref] 

3. Petra Mohacsik, Ferenc Erdelyi, Maria Baranyi, Balint Botz, Gabor Szabo, Monika Toth, Iren Haltrich, Zsuzsanna Helyes, Beata 
Sperlagh, Zsuzsa Toth, Richard Sinko, Ronald M Lechan, Antonio C Bianco, Csaba Fekete, Balazs Gereben. 2018. A Transgenic 
Mouse Model for Detection of Tissue-Specific Thyroid Hormone Action. Endocrinology 159:2, 1159-1171. [Crossref] 

4. James V. Hennessey, Ramon Espaillat. 2018. Current evidence for the treatment of hypothyroidism with levothyroxine/ 
levotriiodothyronine combination therapy versus levothyroxine monotherapy. International Journal of Clinical Practice 18, el3062. 
[Crossref] 

5. Camilla Virili, Luca Giovanella, Poupak Fallahi, Alessandro Antonelli, Maria Giulia Santaguida, Marco Centanni, Pierpaolo 
Trimboli. 2018. Levothyroxine Therapy: Changes of TSH Levels by Switching Patients from Tablet to Liquid Formulation. A 
Systematic Review and Meta-Analysis. Frontiers in Endocrinology 9. . [Crossref] 

6. Romualdo Barroso-Sousa, Patrick A. Ott, F. Stephen Hodi, Ursula B. Kaiser, Sara M. Tolaney, Le Min. 2018. Endocrine 
dysfunction induced by immune checkpoint inhibitors: Practical recommendations for diagnosis and clinical management. Cancer 
162. . [Crossref] 

7. Alan A. Parsa, Hossein Gharib. Laboratory Evaluation for Thyroid Nodules 19-33. [Crossref] 

8. Leslie Mendoza Temple, Pooja Saigal. Hypothyroidism 347-360.e3. [Crossref] 

9. Andrzej Lewinski, Magdalena Stasiak. Physiopathology, Diagnosis, and Treatment of Secondary Hypothyroidism 1 -24. [Crossref] 

10. Younis Islam R., Ahmed Mariam A., Burman Kenneth D., Soldin Offie P., Jonklaas Jacqueline. 2018. Stable Isotope 
Pharmacokinetic Studies Provide Insight into Effects of Age, Sex, and Weight on Levothyroxine Metabolism. Thyroid 28:1, 
41-49. [Abstract] [Full Text HTML] [Full Text PDF] [Full Text PDF with Links] 

11. Shih-Han Hung, Shiu-Dong Chung, Herng-Ching Lin. 2018. Thyroxin Use Is Associated With Increased Risk of Thyroid 
Cancer in Patients With Hypothyroidism. The Journal of Clinical Pharmacology 58:1, 29-33. [Crossref] 

12. Trevor E. Angell, Stephen A. Huang, Erik K. Alexander. The Thyroid 353-366. [Crossref] 

13. Athanasios Fountas, Niki Karavitaki. Hypopituitarism, Causes, Diagnosis, Management and Mortality# . [Crossref] 

14.2017. Diagnose and treat paediatric hypothyroidism promptly to achieve optimal growth and developmental outcomes. Drugs & 
Therapy Perspectives 337. . [Crossref] 

15. Rudolf Hoermann, John E. M. Midgley, Rolf Larisch, Johannes W. Dietrich. 2017. Recent Advances in Thyroid Hormone 
Regulation: Toward a New Paradigm for Optimal Diagnosis and Treatment. Frontiers in Endocrinology 8. . [Crossref] 

16. Leonidas H. Duntas. 2017. New aspects of an old dilemma: treatment of hypothyroidism with L-thyroxine combined with L- 
triiodothyronine. Clinical and experimental thyroidology 13:3, 14-19. [Crossref] 

17. Maik Pietzner, Beatrice Engelmann, Tim Kacprowski, Janine Golchert, Anna-Luise Dirk, Elke Hammer, K. Alexander Iwen, 
Matthias Nauck, Henri Wallaschofski, Dagmar Fiihrer, Thomas F. Mtinte, Nele Friedrich, Uwe Volker, Georg Homuth, Georg 
Brabant. 2017. Plasma proteome and metabolome characterization of an experimental human thyrotoxicosis model. BMC Medicine 
15:1. . [Crossref] 

18. Wilmar M Wiersinga. 2017. THERAPY OF ENDOCRINE DISEASE: T4+T3 combination therapy: is there a true effect?. 
European Journal of Endocrinology 177:6, R287-R296. [Crossref] 

19. M. Centanni, S. Benvenga, I. Sachmechi. 2017. Diagnosis and management of treatment-refractory hypothyroidism: an expert 
consensus report. Journal of Endocrinological Investigation 40:12, 1289-1301. [Crossref] 

20. Amit Akirov, Tzipora Shochat, Amir Shechvitz, Ilan Shimon, Talia Diker-Cohen, Eyal Robenshtok. 2017. Pre-admission TSH 
levels predict long-term mortality in adults treated for hypothyroidism. Endocrine 58:3, 481-487. [Crossref] 

21. Valerie Anne Galton. 2017. The ups and downs of the thyroxine pro-hormone hypothesis. Molecular and Cellular Endocrinology 
458, 105-111. [Crossref] 

22. Fabiana Pani, Stefano Mariotti. 2017. Disfimzioni tiroidee in pazienti con tumori solidi trattati con farmaci inibitori delle tirosino- 
chinasi. LEndocrinologo 18:6, 257-264. [Crossref] 

23. Leung Angela M.. 2017. Higher Serum FT4 Level Within the Reference Range, but Not Serum TSH, Is Associated With the 
Development of Atrial Fibrillation. Clinical Thyroidology 29:12, 454-456. [Citation] [Full Text HTML] [Full Text PDF] [Full 
Text PDF with Links] 


24. Valdelena Alessandra da Silva, Robson Jose de Almeida, Marcele Pimenta Cavalcante, Lucio Antonio Pereira Junior, Francine 
Machado Reis, Mariana Fabbris Pereira, Teresa S. Kasamatsu, Cleber P. Camacho. 2017. Two Thyroid Stimulating Hormone 
assays correlated in clinical practice show disagreement in subclinical hypothyroidism patients. Clinical Biochemistry . [Crossref] 

25. Basant A. Abou-Taleb, Maha Bondok, Mohamed Ismail Nounou, Nawal Khalafallah, Saleh Khalil. 2017. Are multisource 
levothyroxine sodium tablets marketed in Egypt interchangeable?. Annales dEndocrinologie . [Crossref] 

26. Salvatore Benvenga, Giovanni Capodicasa, Sarah Perelli. 2017. 1-Thyroxine in an Oral Liquid or Softgel Formulation Ensures 
More Normal Serum Levels of Free T4 in Patients with Central Hypothyroidism. Frontiers in Endocrinology 8. . [Crossref] 

27. Rudolf Hoermann, John Edward Maurice Midgley, Rolf Larisch, Johannes Wolfgang Christian Dietrich. 2017. Advances in applied 
homeostatic modelling of the relationship between thyrotropin and free thyroxine. PLOS ONE 12:11, e0187232. [Crossref] 

28. Ying Zhang, Yuanyuan Xue, Chunwei Cao, Jiaojiao Huang, Qianlong Hong, Tang Hai, Qitao Jia, Xianlong Wang, Guosong Qin, 
Jing Yao, Xiao Wang, Qiantao Zheng, Rui Zhang, Yongshun Li, Ailing Luo, Nan Zhang, Guizhi Shi, Yanfang Wang, Hao Ying, 
Zhonghua Liu, Hongmei Wang, Anming Meng, Qi Zhou, Hong Wei, Feng Liu, Jianguo Zhao. 2017. Thyroid hormone regulates 
hematopoiesis via the TR-KLF9 axis. Blood 130:20, 2161-2170. [Crossref] 

29. Giorgia Spaggiari, Giulia Brigante, Sara De Vincentis, Umberto Cattini, Laura Roli, Maria Cristina De Santis, Enrica Baraldi, 
Simonetta Tagliavini, Manuela Varani, Tommaso Trenti, Vincenzo Rochira, Manuela Simoni, Daniele Santi. 2017. Probiotics 
Ingestion Does Not Directly Affect Thyroid Hormonal Parameters in Hypothyroid Patients on Levothyroxine Treatment. 
Frontiers in Endocrinology 8. . [Crossref] 

30. C. Oliver, M. Grino, P. Moatti Vacher-Coponat, I. Morange, F. Retornaz. 2017. Prise hebdomadaire de L-thyroxine dans un cas 
de non-observance du traitement substitutif. La Revue de Medecine Interne 38:11, 766-768. [Crossref] 

31. R M Ruggeri, F Trimarchi, B Biondi. 2017. MANAGEMENT OF ENDOCRINE DISEASE: 1-Thyroxine replacement therapy 
in the frail elderly: a challenge in clinical practice. European Journal of Endocrinology 177:4, R199-R217. [Crossref] 

32. Rosarita Ferrara, Valentina Ientile, Vincenzo Arcoraci, Carmen Ferrajolo, Carlo Piccinni, Andrea Fontana, Salvatore Benvenga, 
Gianluca Trifiro. 2017. Treatment pattern and frequency of serum TSH measurement in users of different levothyroxine 
formulations: a population-based study during the years 2009-2015. Endocrine 58:1, 143-152. [Crossref] 

33. C. Spitzweg, M. Reincke, R. Gartner. 2017. Schilddriisennotfalle. Der Internist 58:10, 1011-1019. [Crossref] 

34. Suranut Charoensri, Chutintorn Sriphrapradang, Hataikarn Nimitphong. 2017. Split high-dose oral levothyroxine treatment as a 
successful therapy option in myxedema coma. Clinical Case Reports 5:10, 1706-1711. [Crossref] 

35. Antonio Lobasso, Liliana Nappi, Letizia Barbieri, Carmela Peirce, Serena Ippolito, Debora Arpaia, Francesca Wanda Rossi, Amato 
de Paulis, Bernadette Biondi. 2017. Severe Hypothyroidism due to the Loss of Therapeutic Efficacy of 1-Thyroxine in a Patient 
with Esophageal Complication Associated with Systemic Sclerosis. Frontiers in Endocrinology 8. . [Crossref] 

36. Dilek Gogas Yavuz, Dilek Yazici, Lezzan Keskin, Ay§egiil Atmaca, Seda Sancak, Fulden Saraf, ibrahim §ahin, Oguz Dikba§, 
Zeliha Hekimsoy, Serap Yalm, Melin Uygur, Murat Ydmaz, Sibel Yirmibe§cik, Ozlem Asmaz. 2017. Out-of-Reference Range 
Thyroid-Stimulating Hormone Levels in Levothyroxine-Treated Primary Hypothyroid Patients: A Multicenter Observational 
Study. Frontiers in Endocrinology 8. . [Crossref] 

37. Yoichi Hayashi. 2017. Synergy effects between grafting and subdivision in Re-RX with J48graft for the diagnosis of thyroid 
disease. Knowledge-Based Systems 131, 170-182. [Crossref] 

38. Hye In Kim, Tae Hyuk Kim, Hosu Kim, Young Nam Kim, Hye Won Jang, Jung-Han Kim, Kyu Yeon Hur, Jae Hoon Chung, 
Sun Wook Kim. 2017. Delayed TSH recovery after dose adjustment during TSH-suppressive levothyroxine therapy of thyroid 
cancer. Clinical Endocrinology 87:3, 286-291. [Crossref] 

39. Hershman Jerome M.. 2017. A Deiodinase 2 Polymorphism May Lower Serum T3 and Tissue T3 in Levothyroxine-Treated 
Patients. Clinical Thyroidology 29:9, 338-340. [Citation] [Full Text HTML] [Full Text PDF] [Full Text PDF with Links] 

40. Layal Chaker, Antonio C Bianco, Jacqueline Jonklaas, Robin P Peeters. 2017. Hypothyroidism. The Lancet 390:10101,1550-1562. 
[Crossref] 

41. Duntas Leonidas H.. Thyroid Function in Aging: A Discerning Approach. Rejuvenation Research, ahead of print. [Abstract] [Full 
Text HTML] [Full Text PDF] [Full Text PDF with L ink s ] 

42. Megan R Haymart, Nazanene H Esfandiari, Michael T Stang, Julia Ann Sosa. 2017. Controversies in the Management of Low- 
Risk Differentiated Thyroid Cancer. Endocrine Reviews 38:4, 351-378. [Crossref] 

43. Ari J. Wassner. 2017. Pediatric Hypothyroidism: Diagnosis and Treatment. Pediatric Drugs 19:4, 291-301. [Crossref] 

44. Ki-Hun Kim, Sanghamitra Mohanty, Prasant Mohanty, Chintan Trivedi, Eli Hamilton Morris, Pasquale Santangeli, Rong Bai, 
Amin Al-Ahmad, John David Burkhardt, Joseph G. Gallinghouse, Rodney Horton, Javier E. Sanchez, Shane Bailey, Patrick 
M. Hranitzky, Jason Zagrodzky, Soo G. Kim, Luigi Di Biase, Andrea Natale. 2017. Prevalence of right atrial non-pulmonary 


vein triggers in atrial fibrillation patients treated with thyroid hormone replacement therapy. Journal of Interventional Cardiac 
Electrophysiology 49:2, 111-117. [Crossref] 

45. Soheil Tavakolpour. 2017. Towards personalized medicine for patients with autoimmune diseases: Opportunities and challenges. 
Immunology Letters . [Crossref] 

46. Carmela Peirce, Serena Ippolito, Alejandra Lanas, Marcella Pesce, Gilda Pontieri, Debora Arpaia, Giovanni Sarnelli, Bernadette 
Biondi. 2017. Treatment of refractory and severe hypothyroidism with sublingual levothyroxine in liquid formulation. Endocrine 
35. . [Crossref] 

47. Salvatore Benvenga, Giampaolo Papi, Alessandro Antonelli. 2017. Refractory Hypothyroidism Due to Improper Storage of 
Levothyroxine Tablets. Frontiers in Endocrinology 8. . [Crossref] 

48. Fabiana Pani, Matteo Massidda, Valeria Pusceddu, Marco Puzzoni, Elena Massa, Clelia Madeddu, Mario Scartozzi, Stefano 
Mariotti. 2017. Regorafenib-induced hypothyroidism and cancer-related fatigue: is there a potential link?. European Journal of 
Endocrinology 177:1, 85-92. [Crossref] 

49. Yoon Young Cho, Hye Jeong Kim, Hye Won Jang, Tae Hyuk Kim, Chang-Seok Ki, Sun Wook Kim, Jae Hoon Chung. 2017. The 
relationship of 19 functional polymorphisms in iodothyronine deiodinase and psychological well-being in hypothyroid patients. 
Endocrine 57:1, 115-124. [Crossref] 

50. Robin P. Peeters. 2017. Subclinical Hypothyroidism. New England Journal of Medicine 376:26, 2556-2565. [Crossref] 

51. Evanthia Diamanti-Kandarakis, Maurizio Dattilo, Djuro Macut, Leonidas Duntas, Efstathios S Gonos, Dimitrios G Goulis, 
Christina Kanaka Gantenbein, Marianna Kapetanou, Eftychia Koukkou, Irene Lambrinoudaki, Marina Michalaki, Shahla 
Eftekhari-Nader, Renato Pasquali, Melpomeni Peppa, Marinella Tzanela, Evangeline Vassilatou, Andromachi Vryonidou. 2017. 
MECHANISMS IN ENDOCRINOLOGY: Aging and anti-aging: a Combo-Endocrinology overview. European Journal of 
Endocrinology 176:6, R283-R308. [Crossref] 

52. Nalan Okuroglu, Ali Ozdemir, Yasar Sertbas, Seda Sancak. 2017. The Relationship between Thyroid Antibody Titer and 
Levothyroxine Dose in Patients with Overt Primary Hypothyroidism. Annals of Saudi Medicine 37:3, 189-193. [Crossref] 

53. Jacqueline Jonklaas. 2017. Persistent hypothyroid symptoms in a patient with a normal thyroid stimulating hormone level. Current 
Opinion in Endocrinology & Diabetes and Obesity 1. [Crossref] 

54. Rudolf Hoermann, John E. M. Midgley, Johannes W. Dietrich, Rolf Larisch. 2017. Dual control of pituitary thyroid stimulating 
hormone secretion by thyroxine and triiodothyronine in athyreotic patients. Therapeutic Advances in Endocrinology and Metabolism 
8:6, 83-95. [Crossref] 

55. Rupendra T. Shrestha, Alan Malabanan, Bryan R. Haugen, Elliott G. Levy, James V. Hennessey. 2017. ADVERSE EVENT 
REPORTING IN PATIENTS TREATED WITH THYROID HORMONE EXTRACT. Endocrine Practice 23:5, 566-575. 
[Crossref] 

56. Maria Grazia Castagna, Monica Dentice, Silvia Cantara, Raffaele Ambrosio, Fabio Maino, Tommaso Porcelli, Carlotta Marzocchi, 
Corrado Garbi, Furio Pacini, Domenico Salvatore. 2017. DI02 Thr92Ala Reduces Deiodinase-2 Activity and Serum-T3 Levels 
in Thyroid-Deficient Patients. The Journal of Clinical Endocrinology & Metabolism 102:5, 1623-1630. [Crossref] 

57. Yueniu Zhu, Wenjuan Qiu, Mengyan Deng, Xiaodong Zhu. 2017. Myxedema coma. Medicine 96:21, e6952. [Crossref] 

58. Mary H. Samuels, Irina Kolobova, Megan Antosik, Meike Niederhausen, Jonathan Q, Purnell, Kathryn G. Schuff. 2017. Thyroid 
function variation in the normal range, energy expenditure and body composition in L-T4 treated subjects. The Journal of Clinical 
Endocrinology & Metabolism . [Crossref] 

59. Robert J. Romanelli, Vani Nimbal, Sarah K. Dutcher, Xia Pu, Jodi B. Segal. 2017. Provider and Patient Determinants of 
Generic Levothyroxine Prescribing: An Electronic Health Records-Based Study. Annals of Pharmacotherapy 63,106002801770539. 
[Crossref] 

60. Roberto Vita, Flavia Di Bari, Salvatore Benvenga. 2017. Oral liquid levothyroxine solves the problem of tablet levothyroxine 
malabsorption due to concomitant intake of multiple drugs. Expert Opinion on Drug Delivery 14:4, 467-472. [Crossref] 

61. Ito Mitsuru, Miyauchi Akira, Hisakado Mako, Yoshioka Waka, Ide Akane, Kudo Takumi, Nishihara Eijun, Kihara Minoru, Ito 
Yasuhiro, Kobayashi Kaoru, Miya Akihiro, Fukata Shuji, Nishikawa Mitsushige, Nakamura Hirotoshi, Amino Nobuyuki. 2017. 
Biochemical Markers Reflecting Thyroid Function in Athyreotic Patients on Levothyroxine Monotherapy. Thyroid 27:4,484-490. 
[Abstract] [Full Text HTML] [Full Text PDF] [Full Text PDF with Link s ] 

62. Kerry J. Welsh, Brian R. Stolze, Xiaolin Yu, Trisha R. Podsiadlo, Lisa S. Kim, Steven J. Soldin. 2017. Assessment of thyroid 
function in intensive care unit patients by liquid chromatography tandem mass spectrometry methods. Clinical Biochemistry 50:6, 
318-322. [Crossref] 


63. Salvatore Benvenga, Flavia Di Bari, Roberto Vita. 2017. Undertreated hypothyroidism due to calcium or iron supplementation 
corrected by oral liquid levothyroxine. Endocrine 56:1, 138-145. [Crossref] 

64. Yosuke Ono, Sachiko Ono, Hideo Yasunaga, Hiroki Matsui, Kiyohide Fushimi, Yuji Tanaka. 2017. Clinical characteristics and 
outcomes of myxedema coma: Analysis of a national inpatient database in Japan. Journal of Epidemiology 27:3,117-122. [Crossref] 

65. Frank R. Ernst, Walter Sandulli, Riad Elmor, Jennifer Welstead, Arnold B. Sterman, MaryKate Lavan. 2017. Retrospective Study 
of Patients Switched from Tablet Formulations to a Gel Cap Formulation of Levothyroxine: Results of the CONTROL Switch 
Study. Drugs in R&D 17:1, 103-115. [Crossref] 

66. Wouters Hanneke J.C.M., van Loon Hannah C.M., van der Klauw Melanie M., Elderson Martin F., Slagter Sandra N., Kobold 
Anneke Muller, Kema Ido P., Links Thera P., van Vliet-Ostaptchouk Jana V., Wolffenbuttel Bruce H.R.. 2017. No Effect of 
the Thr92Ala Polymorphism of Deiodinase-2 on Thyroid Hormone Parameters, Health-Related Quality of Life, and Cognitive 
Functioning in a Large Population-Based Cohort Study. Thyroid 27:2, 147-155. [Abstract] [Full Text HTML] [Full Text PDF] 
[Full Text PDF with Links] [Supplemental Material] 

67. Ngiap Chuan Tan, Rong Quan Chew, Yi Ling Eileen Koh, Reena Chandini Subramanian, Usha Sankari, Meykkumar Meyappan, 
Li Wei Cho. 2017. Primary hypothyroidism in the community. Medicine 96:7, e6145. [Crossref] 

68. Marko Skelin, Tomo Lucijanic, Daniela Amidzic Klaric, Arnes Resic, Miro Bakula, Ana-Marija Liberati-Cizmek, Hossein Gharib, 
Dario Rahelic. 2017. Factors Affecting Gastrointestinal Absorption of Levothyroxine: A Review. Clinical Therapeutics 39:2, 
378-403. [Crossref] 

69. Ulrike Gottwald-Hostalek, Wolfgang Uhl, Peter Wolna, George J. Kahaly. 2017. New levothyroxine formulation meeting 95- 
105% specification over the whole shelf-life: results from two pharmacokinetic trials. Current Medical Research and Opinion 33:2, 
169-174. [Crossref] 

70. Jasmine Gill, Vilte E. Barakauskas, Dylan Thomas, Karina Rodriguez-Capote, Trefor Higgins, Don Zhang, Amanda VanSpronsen, 
Oksana Babenko, Roberta Martindale, Mathew P. Estey. 2017. Evaluation of thyroid test utilization through analysis of population- 
level data. Clinical Chemistry and Laboratory Medicine (CCLM), ahead of print. [Crossref] 

71. Suhel Ashraff, Salman Razvi. Diagnosis and Treatment of Hypothyroidism 1-37. [Crossref] 

72. V. Eligar, P.N. Taylor, O.E. Okosieme, C.M. Dayan. Thyroid Hormone Replacement 229-239. [Crossref] 

73. James V. Hennessey. 2017. The emergence of levothyroxine as a treatment for hypothyroidism. Endocrine 55:1, 6-18. [Crossref] 

74. Sonia L. Bahroo. 2017. The Never Ending Debate. Physician Assistant Clinics 2:1, 53-60. [Crossref] 

75. Willy Marcos Valencia, Hermes Florez. Endocrinology 269-282. [Crossref] 

76. M. Kirsch, C. Rimpau, C. H. Nickel, P. Baier. 2017. Intracerebral Bleeding and Massive Pericardial Effusion as Presenting 
Symptoms of Myxedema Crisis. Case Reports in Emergency Medicine 2017, 1-5. [Crossref] 

77. Theodora Pappa, Maria Alevizaki. Non-Thyroidal Illness 1-25. [Crossref] 

78. Aydin Uzun Pinar. Management of Myxedema Coma 447-450. [Crossref] 

79. Sonali Sihindi Chapa Gunatilake, Uditha Bulugahapitiya. 2017. Myxedema Crisis Presenting with Seizures: A Rare Life- 
Threatening Presentation—A Case Report and Review of the Literature. Case Reports in Endocrinology 2017, 1-5. [Crossref] 

80. Luca Chiovato, Stefano Mariotti, Flavia Magri. Classification and Etiopathogenesis of Hypothyroidism 1-31. [Crossref] 

81. Celestino Pio Lombardi, Raffaella Bocale, Angelina Barini, Antonella Barini, Annamaria D’Amore, Mauro Boscherini, Rocco 
Bellantone. 2017. Comparative study between the effects of replacement therapy with liquid and tablet formulations of 
levothyroxine on mood states, self-perceived psychological well-being and thyroid hormone profile in recently thyroidectomized 
patients. Endocrine 55:1, 51-59. [Crossref] 

82. Melinda?J. Pierce, Stephen?H. LaFranchi, Joseph?D. Pinter. 2017. Characterization of Thyroid Abnormalities in a Large Cohort 
of Children with Down Syndrome?. Hormone Research in Paediatrics 87:3, 170-178. [Crossref] 

83. Beatriz Olson. Integrative Approaches to Patients Undergoing Thyroid Surgery 351-376. [Crossref] 

84. Tammy D. Baudoin, Kevin J. Carter, Michael B. Harper. Thyroid Disease 1669-1684. [Crossref] 

85. Gregory K. Hong. Medical Management for Pituitary Adenoma Patients 359-382. [Crossref] 

86. Joseph K. Kluesner, Darrick J. Beckman, Joshua M. Tate, Alexis A. Beauvais, Maria I. Kravchenko, Jana L. Wardian, Sky D. 
Graybill, Jeffrey A. Colburn, Irene Folaron, Mark W. True. 2017. Analysis of current thyroid function test ordering practices. 
Journal of Evaluation in Clinical Practice . [Crossref] 

87. Gregory Kline, Hossein Sadrzadeh. Thyroid disorders 41-93. [Crossref] 

88. Kerry J Welsh, Steven J Soldin. 2016. DIAGNOSIS OF ENDOCRINE DISEASE: How reliable are free thyroid and total T 3 
hormone assays?. European Journal of Endocrinology 175:6, R255-R263. [Crossref] 


89. B. Biondi, L. Bartalena, L. Chiovato, A. Lenzi, S. Mariotti, F. Pacini, A. Pontecorvi, P. Vitti, F. Trimarchi. 2016. Recommendations 
for treatment of hypothyroidism with levothyroxine and levotriiodothyronine: a 2016 position statement of the Italian Society of 
Endocrinology and the Italian Thyroid Association. Journal of Endocrinological Investigation 39:12, 1465-1474. [Crossref] 

90. Juliana Kaminski, Fabiola Yukiko Miasaki, Gilberto Paz-Filho, Hans Graf, Gisah Amaral de Carvalho. 2016. Treatment of 
hypothyroidism with levothyroxine plus liothyronine: a randomized, double-blind, crossover study. Archives of Endocrinology and 
Metabolism 60:6, 562-572. [Crossref) 

91. Layal Chaker, Symen Ligthart, Tim I. M. Korevaar, Albert Hofinan, Oscar H. Franco, Robin P. Peeters, Abbas Dehghan. 2016. 
Thyroid function and risk of type 2 diabetes: a population-based prospective cohort study. BMC Medicine 14:1. . [Crossref] 

92. Danilo Ribichini, Giulia Fiorini, Andrea Repaci, Valentina Castelli, Luigi Gatta, Dino Vaira, Renato Pasquali. 2016. Tablet and 
oral liquid L-thyroxine formulation in the treatment of naive hypothyroid patients with Helicobacter pylori infection. Endocrine 
24. . [Crossref] 

93. Orgiazzi Jacques. 2016. Does Normal TSH Mean Euthyroidism in L-T4 Treatment?. Clinical Thyroidology 28:11, 325-328. 
[Citation] [Full Text HTML] [Full Text PDF] [Full Text PDF with Links] 

94. Rinaldo Guglielmi, Andrea Frasoldati, Michele Zini, Franco Grimaldi, Hossein Gharib, Jeffrey R. Garber, Enrico Papini. 2016. 
ITALIAN ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS STATEMENT-REPLACEMENT THERAPY FOR 
PRIMARY HYPOTHYROIDISM: A BRIEF GUIDE FOR CLINICAL PRACTICE. Endocrine Practice 22:11, 1319-1326. 
[Crossref] 

95. James V. Hennessey. 2016. OPTIMAL MANAGEMENT OF HYPOTHYROIDISM: INCREMENTAL IMPROVEMENTS 
FOR USE IN 2016 AND BEYOND. Endocrine Practice 22:11, 1353-1355. [Crossref] 

96. Ulla Feldt-Rasmussen, Marianne Klose. 2016. Central hypothyroidism and its role for cardiovascular risk factors in hypopituitary 
patients. Endocrine 54:1, 15-23. [Crossref] 

97. Camilla Virili, Pierpaolo Trimboli, Francesco Romanelli, Marco Centanni. 2016. Liquid and softgel levothyroxine use in clinical 
practice: state of the art. Endocrine 54:1, 3-14. [Crossref] 

98. H. Parretti, O. Okosieme, M. Vanderpump. 2016. Current recommendations in the management of hypothyroidism: developed 
from a statement by the British Thyroid Association Executive. British Journal of General Practice 66:651, 538-540. [Crossref] 

99. Allan Carle, Inge Btilow Pedersen, Nils Knudsen, Hans Perrild, Lars Ovesen, Stig Andersen, Peter Laurberg. 2016. Hypothyroid 
Symptoms Fail to Predict Thyroid Insufficiency in Old People: A Population-Based Case-Control Study. The American Journal 
of Medicine 129:10, 1082-1092. [Crossref] 

100. Stavroula A. Paschou, Andromachi Vryonidou, Dimitrios G. Goulis. 2016. Pituitary incidentalomas: A guide to assessment, 
treatment and follow-up. Maturitas 92, 143-149. [Crossref] 

101. Samuels Mary H., Kolobova Irina, Smeraglio Anne, Niederhausen Meike, Janowsky Jeri S., Schuff Kathryn G.. 2016. Effect of 
Thyroid Function Variations Within the Laboratory Reference Range on Health Status, Mood, and Cognition in Levothyroxine - 
Treated Subjects. Thyroid 26:9, 1173-1184. [Abstract] [Full Text HTML] [Full Text PDF] [Full Text PDF with Links] 

102. T L Schumacher, T L Burrows, M E Rollo, L G Wood, R Callister, C E Collins. 2016. Comparison of fatty acid intakes assessed 
by a cardiovascular-specific food frequency questionnaire with red blood cell membrane fatty acids in hyperlipidaemic Australian 
adults: a validation study. European Journal of Clinical Nutrition . [Crossref] 

103. Jacqueline Jonklaas. 2016. Risks and safety of combination therapy for hypothyroidism. Expert Review of Clinical Pharmacology 
9:8, 1057-1067. [Crossref] 

104. Valentin V. Fadeyev, Tatyana Borisovna Morgunova, Yulia Aleksandrovna Manuylova, Meruert S. Madiyarova. 2016. Quality of 
compensation and well-being of patients with primary hypothyroidism and obesity. Clinical and experimental thyroidology 12:2, 
28. [Crossref] 

105. Likhona Siphe Masika, Zhen Zhao, Steven John Soldin. 2016. Is measurement of TT3 by immunoassay reliable at low 
concentrations? A comparison of the Roche Cobas 6000 vs. LC-MSMS. Clinical Biochemistry 49:12, 846-849. [Crossref] 

106. Giulia Ogliari, Roelof A. J. Smit, Evie van der Spoel, Daniela Mari, Erminio Torresani, Irene Felicetta, Tiziano A. Lucchi, Paolo 
D. Rossi, Diana van Heemst, Anton J. M. de Craen, Rudi G. J. Westendorp. 2016. Thyroid Status and Mortality Risk in Older 
Adults With Normal Thyrotropin: Sex Differences in the Milan Geriatrics 75+ Cohort Study. The Journals of Gerontology Series 
A: Biological Sciences and Medical Sciences glwll3. [Crossref] 

107. Nicole M. Wegrzyn. 2016. Malabsorption of L-T4 Due to Drip Coffee: A Case Report Using Predictors of Causation. Journal 
of the Academy of Nutrition and Dietetics 116:7, 1073-1076. [Crossref] 

108. V Eligar, PN Taylor, OE Okosieme, GP Leese, CM Dayan. 2016. Thyroxine replacement: a clinical endocrinologist’s viewpoint. 
Annals of Clinical Biochemistry 53:4, 421-433. [Crossref] 


109. C. Castoro, R. Le Moli, M. L. Arpi, M. Tavarelli, G. Sapuppo, L. Frittitta, S. Squatrito, G. Pellegriti. 2016. Association of 
autoimmune thyroid diseases, chronic atrophic gastritis and gastric carcinoid: experience from a single institution. Journal of 
Endocrinological Investigation 39:7, 779-784. [Crossref] 

110. Adlai L. Pappy, Nelson Oyesiku, Adriana Ioachimescu. 2016. Severe TSH Elevation and Pituitary Enlargement After Changing 
Thyroid Replacement to Compounded T4/T3 Therapy. Journal of Investigative Medicine High Impact Case Reports 4:3, 
232470961666183. [Crossref] 

111. Jonklaas Jacqueline, Burman Kenneth D.. 2016. Daily Administration of Short-Acting Liothyronine Is Associated with Significant 
Triiodothyronine Excursions and Fails to Alter Thyroid-Responsive Parameters. Thyroid 26:6, 770-778. [Abstract] [Full Text 
HTML] [Full Text PDF] [Full Text PDF with L ink s ] 

112. Onyebuchi Okosieme, Jackie Gilbert, Prakash Abraham, Kristien Boelaert, Colin Dayan, Mark Gurnell, Graham Leese, 
Christopher McCabe, Petros Perros, Vicki Smith, Graham Williams, Mark Vanderpump. 2016. Management of primary 
hypothyroidism: statement by the British Thyroid Association Executive Committee. Clinical Endocrinology 84:6, 799-808. 
[Crossref] 

113. J. Pineda, J.C. Galofre, M. Toni, E. Anda. 2016. Hipotiroidismo. Medicine - Programa deFormacion Medica Continuada Acreditado 
12:13, 722-730. [Crossref] 

114. Celeste C. Thomas, Meltem Zeytinoglu. 2016. Primary Care Endocrinology in the Adult Woman. Obstetrics and Gynecology 
Clinics of North America 43:2, 325-346. [Crossref] 

115. Rudolf Hoermann, Rolf Larisch, Johannes W Dietrich, John E M Midgley. 2016. Derivation of a multivariate reference range for 
pituitary thyrotropin and thyroid hormones: diagnostic efficiency compared with conventional single-reference method. European 
Journal of Endocrinology 174:6, 735-743. [Crossref] 

116. Anna Maria Formenti, Gherardo Mazziotti, Raffaele Giubbini, Andrea Giustina. 2016. Treatment of hypothyroidism: all that 
glitters is gold?. Endocrine 52:3, 411-413. [Crossref] 

117. Helen K. Delichatsios, Maureen M. Leonard, Alessio Fasano, Vania Nose. 2016. Case 14-2016. New England Journal of Medicine 
374:19, 1875-1883. [Crossref] 

118. Bert M. Bieler, John Gaughan, Maliha Khan, Girish Rao, Krystal Hunter, Farah H. Morgan. 2016. LACK OF AN 
ASSOCIATION BETWEEN BMI AND TSH IN TREATED HYPOTHYROID PATIENTS AND EUTHYROID 
CONTROLS. Endocrine Practice 22:5, 555-560. [Crossref] 

119. Leonidas H. Duntas, Leonard Wartofsky. 2016. There is no ‘universal fit’: Reflections on the use of 1-triiodothyronine in the 
treatment of hypothyroidism. Metabolism 65:4, 428-431. [Crossref] 

120. Marco Russo, Claudia Scollo, Gabriella Pellegriti, Oana Ruxandra Cotta, Sebastiano Squatrito, Francesco Frasca, Salvatore 
Cannavo, Damiano Gullo. 2016. Mitotane treatment in patients with adrenocortical cancer causes central hypothyroidism. Clinical 
Endocrinology 84:4, 614-619. [Crossref] 

121. Emanuela Rossi, Assunta Sgambato, Giovanni De Chiara, Francesca Casaluce, Tania Losanno, Paola Claudia Sacco, Giuseppe 
Santabarbara, Cesare Gridelli. 2016. Endocrinopathies induced by immune-checkpoint inhibitors in advanced non-small cell lung 
cancer. Expert Review of Clinical Pharmacology 9:3, 419-428. [Crossref] 

122. Samuels Mary H., Kolobova Irina, Smeraglio Anne, Peters Dawn, Purnell Jonathan Q,, Schuff Kathryn G.. 2016. Effects of 
Levothyroxine Replacement or Suppressive Therapy on Energy Expenditure and Body Composition. Thyroid 26:3, 347-355. 
[Abstract] [Full Text HTML] [Full Text PDF] [Full Text PDF with Link s ] 

123. Ming-Tsang Lee, Chih-Yuan Wang. 2016. Case Experience of Radiofrequency Ablation for Benign Thyroid Nodules: From an 
Ex Vivo Animal Study to an Initial Ablation in Taiwan. Journal of Medical Ultrasound 24:1, 32-38. [Crossref] 

124. Cappelli Carlo, Pirola Ilenia, Daffini Linda, Formenti Annamaria, Iacobello Carmelo, Cristiano Alessandra, Gandossi Elena, 
Agabiti Rosei Enrico, Castellano Maurizio. 2016. A Double-Blind Placebo-Controlled Trial of Liquid Thyroxine Ingested at 
Breakfast: Results of the TICO Study. Thyroid 26:2, 197-202. [Abstract] [Full Text HTML] [Full Text PDF] [Full Text PDF 
with Links] [Supplemental Material] 

125. Remigius U. Agu, Jared Mactavish, Pollen K. Yeung, Syed Ali Imran. 2016. Thyroid hormone (levothyroxine) replacement via 
the respiratory route by inhalation: in vitro exploratory studies. Expert Opinion on Drug Delivery 13:2, 195-205. [Crossref] 

126. Ajay Sood, David C Aron. 2016. The “Choosing Wisely” initiative to reduce low value care: has endocrinology been wise enough?. 
Expert Review of Endocrinology & Metabolism 11:1, 33-40. [Crossref] 

127. Ahmad H Ali, Elizabeth J Carey, Keith D Lindor. 2016. The management of autoimmunity in patients with cholestatic liver 
diseases. Expert Review of Gastroenterology & Hepatology 10:1, 73-91. [Crossref] 


128. Jacqueline Jonklaas. Importance of Thyroid Hormone Replacement Therapy in Patients with Medullary Thyroid Cancer 137-149. 
[Crossref] 

129. Trevor E. Angell, Stephen A. Huang, Erik K. Alexander. The Thyroid 1-14. [Crossref] 

130. Rosita Fontes, Patricia de Fatima dos Santos Teixeira, Mario Vaisman. 2016. Screening of Undiagnosed Hypothyroidism in Elderly 
Persons with Diabetes according to Age-Specific Reference Intervals for Serum Thyroid Stimulating Hormone and the Impact 
of Antidiabetes Drugs. Journal of Diabetes Research 2016, 1-8. [Crossref] 

131. Jee Hyun An, Sin Gon Kim. 2016. L-carnitine supplementation in hypothyroidism [Letter to the Editor], Endocrine Journal 
63:10, 939-940. [Crossref] 

132. Dhi&atilde;nah Santini de Oliveira Chachamovitz, Patr&iacute;cia dos Santos Vig&aacute;rio, Silvana Oliveira e Silva, 
Let&iacute;cia B. B. de Mello Teixeira, Michele Lopes Fagundes, M&aacute;rio Vaisman, Patr&iacute;cia de F. dos S. Teixeira. 
2016. Does low-normal serum TSH level adversely impact cognition in elderly adults and might methimazole therapy improve 
outcomes?. Endocrine Journal 63:5, 495-505. [Crossref] 

133. Rudolf Hoermann, John E. M. Midgley, Rolf Larisch, Johannes W. Dietrich. 2016. Relational Stability in the Expression of 
Normality, Variation, and Control of Thyroid Function. Frontiers in Endocrinology 7. . [Crossref] 

134. Kathleen Glymph, Aidar R. Gosmanov. 2016. LEVOTHYROXINE REPLACEMENT IN OBESE HYPOTHYROID 
FEMALES AFTER TOTAL THYROIDECTOMY. Endocrine Practice 22:1,22-29. [Crossref] 

135. Angela M. Leung. 2016. Thyroid Emergencies. Journal of Infusion Nursing 39:5, 281-286. [Crossref] 

136. Yosuke Ono, Masanori Fujita, Sachiko Ono, Sho Ogata, Shoichi Tachibana, Yuji Tanaka. 2016. A rabbit model of fatal 
hypothyroidism mimicking &ldquo;myxedema coma&rdquo; established by microscopic total thyroidectomy. Endocrine Journal 
63:6, 523-532. [Crossref] 

137. Pierpaolo Trimboli, Marco Centanni, Camilla Virili. 2016. Liquid liothyronine to obtain target TSH in differentiated thyroid 
cancer patients. Endocrine Journal 63:6, 563-567. [Crossref] 

138. Carlo Cappelli, Ilenia Pirola, Elena Gandossi, Alessandra Cristiano, Linda Daffini, Barbara Agosti, Claudio Casella, Maurizio 
Castellano. 2016. Thyroid Hormone Profile in Patients Ingesting Soft Gel Capsule or Liquid Levothyroxine Formulations with 
Breakfast. International Journal of Endocrinology 2016, 1-5. [Crossref] 

139. Jacqueline Jonklaas. 2016. Update on the treatment of hypothyroidism. Current Opinion in Oncology 28:1, 18-25. [Crossref] 

140. A.P. Delitala, F. Filigheddu, M. Orru, M. AlGhatrif, M. Steri, M.G. Pilia, A. Scuteri, M. Lobina, M.G. Piras, G. Delitala, E.G. 
Lakatta, D. Schlessinger, F. Cucca. 2015. No evidence of association between subclinical thyroid disorders and common carotid 
intima medial thickness or atherosclerotic plaque. Nutrition, Metabolism and Cardiovascular Diseases 25:12, 1104-1110. [Crossref] 

141. Flavia Magri, Lucia Schena, Valentina Capelli, Margherita Gaiti, Francesca Zerbini, Emanuela Brambilla, Mario Rotondi, Mara 
De Amici, Arsenio Spinillo, Rossella E. Nappi, Luca Chiovato. 2015. Anti-Mullerian hormone as a predictor of ovarian reserve 
in ART protocols: the hidden role of thyroid autoimmunity. Reproductive Biology and Endocrinology 13:1. . [Crossref] 

142. Manuela Battaglia, Laura Nigi, Francesco Dotta. 2015. Towards an Earlier and Timely Diagnosis of Type 1 Diabetes: Is it Time 
to Change Criteria to Define Disease Onset?. Current Diabetes Reports 15:12. . [Crossref] 

143. Benjamin T. Brown, Petra L. Graham, Rod Bonello, Henry Pollard. 2015. A biopsychosocial approach to primary hypothyroidism: 
treatment and harms data from a randomized controlled trial. Chiropractic & Manual Therapies 23:1. . [Crossref] 

144. Elizabeth A McAninch, Antonio C Bianco. 2015. Of rats and men: thyroid homeostasis in rodents and human beings - Authors' 
reply. The Lancet Diabetes & Endocrinology 3:12, 933. [Crossref] 

145. Bernadette Biondi, Francesco S. Celi, Leonidas Duntas, Andrea M. Isidori, Alfredo Pontecorvi, Domenico Salvatore, Paolo Vitti, 
Francesco Trimarchi. 2015. Terapia sostitutiva combinata con L-T4 e L-T3 nelfipotiroidismo. LEndocrinologo 16:6, 264-268. 
[Crossref] 

146. Rudolf Hoermann, John E. M. Midgley, Rolf Larisch, Johannes W. Dietrich. 2015. Homeostatic Control of the Thyroid-Pituitary 
Axis: Perspectives for Diagnosis and Treatment. Frontiers in Endocrinology 6. . [Crossref] 

147. Leung Angela M.. 2015. Lithium Use Is Associated with an Increased Risk of Incident Hypothyroidism. Clinical Thyroidology 
27:11, 315-316. [Citation] [Full Text HTML] [Full Text PDF] [Full Text PDF with Links] 

148. Francesco S. Celi. 2015. A MUCH-NEEDED HISTORIC PERSPECTIVE ON THE THERAPEUTIC USE OF THYROID 
HORMONES. Endocrine Practice 21:10, 1171-1174. [Crossref] 

149. Katherine A. Green, Marie D. Werner, Jason M. Franasiak, Caroline R. Juneau, Kathleen H. Hong, Richard T. Scott. 2015. 
Investigating the optimal preconception TSH range for patients undergoing IVF when controlling for embryo quality. Journal 
of Assisted Reproduction and Genetics 32:10, 1469-1476. [Crossref] 


150 James V. Hennessey. 2015. HISTORICAL AND CURRENT PERSPECTIVE IN THE USE OF THYROID EXTRACTS 
FOR THE TREATMENT OF HYPOTHYROIDISM. Endocrine Practice 21:10, 1161-1170. [Crossref] 

151. Elizabeth A McAninch, Antonio C Bianco. 2015. New insights into the variable effectiveness of levothyroxine monotherapy for 
hypothyroidism. The Lancet Diabetes & Endocrinology 3:10, 756-758. [Crossref] 

152. Balazs Gereben, Elizabeth A. McAninch, Miriam O. Ribeiro, Antonio C. Bianco. 2015. Scope and limitations of iodothyronine 
deiodinases in hypothyroidism. Nature Reviews Endocrinology 11:11, 642-652. [Crossref] 

153. Mammen Jennifer S., McGreadyJohn, Oxman Rachael, Chia Chee W., Ladenson Paul W., SimonsickEleanor M.. 2015. Thyroid 
Hormone Therapy and Risk of Thyrotoxicosis in Community-Resident Older Adults: Findings from the Baltimore Longitudinal 
Study of Aging. Thyroid 25:9, 979-986. [Abstract] [Full Text HTML] [Full Text PDF] [Full Text PDF with Links] 

154. S C Del Duca, M G Santaguida, N Brusca, I Gatto, M Cellini, L Gargano, C Verga Falzacappa, F M Frattaroli, C Virili, M 
Centanni. 2015. Individually-tailored thyroxine requirement in the same patients before and after thyroidectomy: a longitudinal 
study. European Journal of Endocrinology 173:3, 351-357. [Crossref] 

155. Mitsuru Ito, Akira Miyauchi, Shino Kang, Mako Hisakado, Waka Yoshioka, Akane Ide, Takumi Kudo, Eijun Nishihara, Minoru 
Kihara, Yasuhiro Ito, Kaoru Kobayashi, Akihiro Miya, Shuji Fukata, Hirotoshi Nakamura, Nobuyuki Amino. 2015. Effect of 
the presence of remnant thyroid tissue on the serum thyroid hormone balance in thyroidectomized patients. European Journal 
of Endocrinology 173:3, 333-340. [Crossref] 

156. Orgiazzi Jacques. 2015. Is the Replacement Dose of Levothyroxine Affected By the Presence of the Thyroid Gland?. Clinical 
Thyroidology 27:8, 205-208. [Citation] [Full Text HTML] [Full Text PDF] [Full Text PDF with Link s ] 

157. Mette Nygaard Andersen, Anne-Marie Schjerning Olsen, Jesper Clausager Madsen, Jens Faber, Christian Torp-Pedersen, Gunnar 
Hilmar Gislason, Christian Selmer. 2015. Levothyroxine Substitution in Patients with Subclinical Hypothyroidism and the Risk 
of Myocardial Infarction and Mortality. PLOS ONE 10:6, e0129793. [Crossref] 

158. Bo Abrahamsen, Henrik L. Jorgensen, Anne Sofie Laulund, Mads Nybo, Doug C. Bauer, Thomas H. Brix, Laszlo Hegedtis. 
2015. The Excess Risk of Major Osteoporotic Fractures in Hypothyroidism Is Driven by Cumulative Hyperthyroid as Opposed 
to Hypothyroid Time: An Observational Register-Based Time-Resolved Cohort Analysis. Journal of Bone and Mineral Research 
30:5, 898-905. [Crossref] 

159. To Joshua, Goldberg Alyse S., Jones Jennifer, Zhang Junhui, Lowe Julia, Ezzat Shereen, Gilbert Jeremy, Zahedi Afshan, Segal 
Phillip, Sawka Anna M.. 2015. A Systematic Review of Randomized Controlled Trials for Management of Persistent Post- 
Treatment Fatigue in Thyroid Cancer Survivors. Thyroid 25:2, 198-210. [Abstract] [Full Text HTML] [Full Text PDF] [Full 
Text PDF with Links] 

160. Mohamed El Kholy. 2015. Subclinical hypothyroidism in children with Down syndrome: To treat or not to treat???. Egyptian 
Journal of Medical Human Genetics 16:1, 87-88. [Crossref] 

161. Yoichi Hayashi, Satoshi Nakano, Shota Fujisawa. 2015. Use of the recursive-rule extraction algorithm with continuous attributes 
to improve diagnostic accuracy in thyroid disease. Informatics in Medicine Unlocked 1, 1-8. [Crossref] 

162. Kopp Peter A.. 2014. Commentary on: Guidelines for the Treatment of Hypothyroidism. Thyroid 24:12, 1667-1669. [Citation] 
[Full Text HTML] [Full Text PDF] [Full Text PDF with Links] 


